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ABSTRACT

A rad io l og i ca l  cha rac te r i za t i on  has  been  conduc ted  a t  t he

fo rmer  Ke I I ex  Co rpo ra t i on  s i t e  i n  ' Je r sey  C i t . y ,  New 'Je rsey .

A l though  seve ra l  p r i o r  su rveys  and  a  remed ia l  ac t i on  were  con -

duc ted ,  t he re  was  s t i l l  a  need  fo r  more  i n fo rma t ion  abou t  t he

rad io l og i ca l  cond i t i on  o f  t he  s i t e .  A  g r i d  was  es tab l i shed  on

the  s i t e  and  the  su r face  was  su rveyed  by  a  mob i l e  i n  s i t u  de tec -

t i on  sys tem.  T renches  were  sys temat i ca l l y  dug  i n  an  a t tempt  to

f  i nd  subsu r f  ace  a reas  o f  con tamina t i on .  I v l a te r i a l  f r om the

t renches  was  su rveyed  by  the  i n  s i t u  measuremen t  sys tem and

t rench  s idewa l l s  were  so i l  samp led  and  su rveyed  us ing  po r tab le

dose  ra te  and  coun t  ra te  i ns t rumen ta t i on .  Resu l t s  o f  t he  su rvey

ind i ca ted  t ha t  r ad ioac t i v i t y  l eve l s  on  t he  s i t e  we re  a t  o r  nea r

backg round .  Sma l l  amoun ts  o f  con tamina ted  ma te r ia l  we re  found

bu t  no t  enough  t o  exceed  t he  gu ide l i ne  spec i f i ed .
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RADIOLOGICAL CHARACTERIZATION OF THE KELLEX SITE

INTRODUCTION

His to r i ca l  Backg round

The  Ke l l ex  s i t e  i s  l oca ted  app rox ima te l y  two  rn i l es  sou thwes t
o f  down town 'Je rsey  C i t y  a t  t he  i n te rsec t i on  o f  New Je rsey  Rou te
440  and  Ke t l og  s t r ee t .  The  s i t e ,  o r i g i na l r y  cons i s t i ng  o f  43
ac res ,  i s  on  l and f i l l  nea r  t he  Newark  Bay .

F rom the  ea r l y  1900 ' s  un t i l  t he  ea r l y  1940 ' s  t he  Ke l l ex  s i t e
was  the  l oca t i on  o f  t he  I v l .W.  Ke l l og  Company .  The  p lan t  du r ing
th i s  t ime  was  p r imar i l y  devo ted  to  va r ious  phases  o f  me ta l  f ab -
r i ca t i on  bu t ,  du r i ng  wo r rd  wa r  r r ,  t he  company  began  t o  spec ia r -
i ze  i n  pu re  and  app l i ed  eng inee r ing .  Under  fede ra l  con t rac t  t he
company  became heav i l y  i nvo l ved  i n  the  des ign  and  cons t ruc t i on  o f
a  p i l o t  gaseous  d i f f us i on  p l an t  f o r  u ran ium en r i chmen t  as  a  pa r t
o f  t he  Manha t tan  p ro jec t .  The  pu rpose  o f  t he  p tan t  was  no t  p ro -
duc t i on  o f  u ran ium en r i ched  i n  2359  5pg  to  des iqn  and  demon-
s t ra te  un i t s  f o r  t he  p rocess .  r n  j g47  t he  Ke r l ex  co rpo ra t i on
became invo rved  a t  t h i s  l oca t i on  i n  cons t ruc t i ng  a  p i ro t  p ran t
f o r  m i xe r - se t t l e r s  i n  so l ven t  ex t rac t i on  o f  u ran ium.  Th i s  ac t i v -
i t y  con t i nued  un t i r  t he  Ke l l ex  f ac i l i t y  was  c l osed  i n  1g52 .

A I l  bu i l d ings  da t i ng  f rom th i s  pe r iod  have  been  removed  f rom
the  s i t e .  Abou t  two - th i rds  o f  t he  s i t e  has  been  re leased  and
deve loped  in to  a  shopp ing  cen te r .  The  rema in ing  l and  i s  cove red
by  weeds ,  conc re te ,  r ubb le ,  aspha l t ,  and  m isce l r aneous  deb r i s .
Founda t ions  and  conc re te  pads  o f  seve ra l  o f  t he  wor rd  war  r r
bu i l d i nq=  s t i l l  r ema in .

ove r  t he  yea rs  s ince  the  c ros ing  o f  t he  p ran t ,  Lhe re  have
heen  seve ra l  r ad io rog i ca r  su rveys  o f  t he  s i t e .  r n  ' June  

o f  1  953  ,
a f t e r  ex tens i ve  decon tam ina t i on  p rocedu res ,  V i t r o  Co rpo ra t i on  o f
Amer i ca  pub l i shed  a  "Con tamina t i on  S ta tus  Repor t "  conce rn ing  the



f l "  ' I , t  T  l t  ! .
3/k /

' J e r sey  C i t y  l abo ra to r y  (  7  ) .  They  repo r ted  t ha t  con tam ina t i on

c r i t e r i a  a t  t ha t  t i ne  were  no t  exceeded  excep t  f o r  some i so la ted

spo ts .  No  removab le  a lpha  o r  be ta -gamma con tamina t i on  was

observed  i n  the  access ib le  a reas  o f  t he  l abo ra to ry .

A  su rvey  was  done  in  Sep tember  1977  by  the  Hea l th  and  Sa fe ty

D i v i s i on  o f  Oak  R idge  Na t i ona l  Labo ra to r y  (ORNL) .  A t  t ha t  t ime

on l y  t h ree  bu i t d i ngs  o f  Wor l d  War  I I  v i n tage  rema ined .  These

bu i l d i ngs  and  a  s i gn i f i can t  f r ac t i on  o f  t he  p rope r t y  we re  su r -

veyed  t o  g i ve  a  rep resen ta t i ve  samp l i ng  o f  t he  rad io l og i ca l  con -

d i t i on  o f  t he  s i t e .  They  s ta te  " t he  resu l t s  o f  t he  rad io l og i ca l

su rvey  i nd i ca te  t he  rad ia t i on  and  rad ioac t i v i t y  ( con tam ina t i on )

I eve l s  on  t he  Ke l l ex  p rope r t y  a re  i nd i s t i ngu i shab le  f r om back -

g round  w i t h  t he  excep t i on  o f  a  f ew  i so la ted  and  we l l - de f i ned

spo ts  on  o r  nea r  t he  s i t e  o f  t he  fo rmer  Ke l l ex  Labora to ry  bu i l d -

i ng .  W i th  the  excep t i on  o f  t hese  spo ts  o f  l ow- Ieve l  con tamina -

t i on ,  t he  Ke l l ex  p rope r t y  appea rs  t o  mee t  pe r t i nen t  gu ide l i nes

fo r  t he  re l ease  o f  p rope r t y  f o r  un res t r i c t ed  use "  ( 4 ) .

P r io r  t o  t he  ORNL su rvey  o f  I v l a rch  1979 ,  t he  rema in ing  o r i g i -

na l  bu i l d i ngs  su rveyed  p rev ious l y  i n  1977  had  been  demo l i shed .

Th i s  su rvey  l oca ted  seve ra l  add i t i ona l  a reas  hav ing  s i gn i f i can t l y

h ighe r  t han  backg round  gamma exposu re  ra tes ,  and  i t  was  dec ided

to  unde r take  remed ia l  ac t i on .  Env i r osphe re ,  a  d i v i s i on  o f  Ebasco

Serv i ces ,  I nc . ,  began  excava t i on  a t  t he  Ke l l ex  s i t e  i n  Ju l y  1979

and  comp le ted  excava t i on  and  back f i l l ed  w i t h  deb r i s  by ' Janua ry

1980 .  Abou t  1 r000  ba r re l s  o f  con tam ina ted  so i l  we re  removed  f r om

the  i so l a ted  a reas  de l i nea ted  by  ORNL .  Env i r osphe re ' s  r epo r t

s t a tes  t ha t  on  t he  bas i s  o f  t he i r  ana l ys i s ,  " f u r t he r  r emed ia l

ac t i on  f o r  na tu ra l  u ran ium i n  so i l  a t  t he  Ke l l ex  s i t e  i s  no t

wa r ran ted  by  ex i s t i ng  and  p roposed  gu idance "  ( 5 ) .

I n  o rde r  t o  make  in fo rmed  dec i s ions  abou t  poss ib le  add i t i on -

a I  r emed ia l  ac t i on  o r  t he  su i t ab i l i t y  f o r  ce r t i f i ca t i on ,  mo re

in fo rma t ion  was  needed  rega rd ing  the  rad io log i ca l  cond i t i on  o f

t he  s i t e .  Th i s  i nvo l ved  a  su r f ace  and  subsu r face  cha rac te r i -

) ^ 1  7 " J
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za t i on  o f  t he  rema inde r  o f  t he  Ke r rex  s i t e  t o  d i sce rn  a reas
con ta i n i ng  rad io l og i ca l  con tam ina t i on  above  backg round  I eve I s .
( r n  t h i s  r epo r t  t hese  a reas  w i l l  be  re fe r red  t o  as  anoma l i es  o r
anoma lous  a reas - )  To  accompr i sh  t h i s ,  seve ra r  ob jec t i ves  we re
es tab l i shed  and  a re  p resen ted  be1ow.

1 .  I t { easu re  ( su rvey )  a l l  t he  gamma ray  pho topeaks  tha t  a re
p rac t i ca l  t o  measure .  concen t ra ted  e f fo r t  wourd  be
d i rec ted  toward  those  gammas  f rom the  238u  se r ies  and  the
232a6  se r i es  o f  r ad io i so topes .

2 '  Su rvey  as  much  o f  t he  su r face  a rea  and  subsu r face  so i l  o f  t he
s i t e  as  p rac t i ca l .

3 '  Eva lua te  the  da ta  du r ing  the  su rvey  fo r  anoma lous  o r  e reva ted
concen t ra t i ons  to  asce r ta in  whe the r  o r  no t  more  da ta  shou ld
be  co l l ec ted .

4 -  s to re  the  da ta  on  magne t i c  t ape  fo r  f u r the r  assessmen t  and
long  te rm s to rage .

5 '  Eva lua te  t he  da ta  t o  es t ima te  t he  na tu ra l  r ad io l og i c  cha rac -
t e r  o f  t he  s i t e ,  and  de r i nea te  t hose  a reas  t ha t  d i sp lay
e l . eva ted  l eve l s  o f  r ad ioac t i v i t v .

6 .  Repo r t  and  d i ssem ina te  t he  da ta  and  resu l t s  o f  da ta  eva ru -
t i on .

Su rvey  Gu ide l i nes

The  rad ionuc l i de  o f  p r ima ry  conce rn  a t  Ke l rex  i s  excess
238u  i n  t he  so i r .  The  c l eanup  c r i t e r i on  spec i f i ed  i n  t he
June  1980  c r i t e r i a  documen t  (Append i x  A )  i s  a0  pc i / g  o f  23Bu
in  t he  t op  20  cm o f  so i r ,  ave raged  ove r  a  400  m2  a rea .  The



imp lemen ta t i on  sec t i on  o f  t he  documen t  a l so  spec i f i es  tha t  sub -

su r face  samp l ing  w i I I  be  pe r fo rmed  to  l oca te  quan t i t i es  o f

con tam ina ted  so i l  su f f i c i en t  t o  exceed  t he  su r f ace  c r i t e r i on .

The  documen t  f u r the r  s ta ted  tha t  " ca re  w i l l  be  taken  to  exp lo re

enough  o f  t he  subsu r face  i n  a reas  o f  suspec ted  con tamina t i on  tha t

a  h igh  deg ree  o f  assu rance  i s  p rov ided  tha t  s ign i f i can t

quan t i t i es  o f  con tamina ted  so i l  have  been  loca ted  and  removed . "

S ince  th i s  su rvey  $ ras  a  cha rac te r i za t i on  and  no t  a  c leanup '

c r i t e r i on  was  used  on l y  as  a  gu ide l i ne .  Th i s  gu ide l i ne  m igh t

i n te rp re ted  as :  "F i nd  any  400  m2  a rea  20  cm th i ck  con ta i n i ng

ave rage  o f  A0  p0 i /g  o f U  o r  mo re .

CONTRACTOR FUNCTIONS

Be fo re  d i scuss ing  t he  spec i f i c  f unc t i ons  o f  t he  d i f f e ren t

con t rac to rs ,  a  genera l  ove rv iew  o f  p ro jec t  managemen t  i s  he lp fu l

The  fo l l ow ing  cha r t  rep resen ts  the  managemen t  re la t i ons  o f  t he

eon t rac to rs  and  the  Depar tmen t  o f  Energy .

the

be

an

Department  of  Energy
Headquar ters

ASNE

DOE/Nevada
Opera t ions  Of f i ce

DOEr/Oak Ridge
Opera t ions  Of f i ce

Techni -caI  Contractors

EG&GI IE IC I IDR I



EG&G INC

The  mob i l e  rad ia t i on  de tec t i on  sys tem used  fo r  t he  su r face

and  subsu r face  su rveys  was  ma in ta ined  and  ope ra ted  by  EG&G.  Th is

sy ' s tem was  used  fo r  t he  en t i re  su r face  cha rac te r i za t i on  and  the

su rvey ing  o f  spo i l  p i l es  ( spo i l  p i l e  be ing  t ha t  so i l  and  deb r i s

removed  du r ing  the  t rench ing  p rocess ) .  The  EG&G team p rov ided

qua l i t y  assu rance  o f  t he  i n  s i t u  sys tem by  pe r fo rm ing  th ree  sys -

tem ca l i b ra t i ons  each  day  and  by  cons tan t  mon i to r i ng  du r ing  da ta

acqu is i t i on .  A I I  da ta  p r i n tou ts  were  examined  to  i nsu re  tha t

proper  in terpretat ion of  data was made and that  any anomalous

a reas  were  immed ia te l y  made  known  to  o the r  con t rac to rs .  I n  add i -

l : i on ,  rou t i ne  ma in tenance  was  pe r fo rmed  week ly  to  i nsu re  op t ima l

pe r fo rmance  o f  t he  mechan ica l  sys tems .

A  desc r i p t i on  o f  t he  i n  s i t u  measu remen t  sys tem capab i l i t i e s

a re  p resen ted  i n  the  fo l l ow ing  sec t i ons .

The  In  S i tu  Gamma Survey  Sys tem - -  2389 ,  2359  and  232 ' yy1

o r  the i r  respec t i ve  daugh te rs  em i t  ganma rays  wh ich  can  be  used

t .o  guan t  i  f  y  t hese  rad  i onuc l  i des  . A  mob i l e  gamma measur ing  sYS-

t -em, des igned and operated by EG&G for  the Nevada Operat ions

Of f i ce  o f  t he  Depar tmen t  o f  Energy  (DOE/NV) '  was  u t i l i zed  to  pe r -

fo rm these  measuremen ts .  Th i s  sys tem had  p rev ious l y  been  used  to

I  oca te  and  quan t i f y  ga rnma emi t t i ng  rad ionuc l i des  i n  t he  so i l  o f

Enewe tak  A to l l  and  Johns ton  I s land  i n  the  Pac i f i c .



Fy .s tem Componen ts  - -  The  i n  s i t u  ga rnma su rvey  sys tem (F igu re  1 )

cons i s t s  o f  t he  fo l l ow ing  ma jo r  componen ts :

1 .  The  t r acked  veh i c l e .

2 .  An  i n t r i ns i c  ge rman ium de tec to r  and  co l l ima to r  sh ie l d .

3 .  A  pneumat i c  mas t  capab le  o f  l oca t i ng  the  de tec to r  f rom

zero  to  7 .4  m above  the  g round .

4 .  A  4096  channe l  pu l se  he igh t  ana l yze r .

5 .  A  Hew le t t  Packa rd  9831A  ca l cu la to r  w i t h  t ape  ca r t r i dge

and  p r i n te r .

The  German ium De tec to r  and  Sh ie ld  - -  The  p lana r  t ype  i n t r i ns i c

ge rman ium ( IG)  de tec to r  i s  pe rhaps  the  mos t  v i t a l  pa r t  o f  t he

sys tem (F igu re  2 ) .  The  ch ie f  me r i t  o f  t h i s  t ype  o f  de tec to r  i s

i t s  h igh  ene rgy  reso lu t i on  o f  de tec ted  pho topeaks ,  t yp i ca l l y  1 -2

keV  fu l l  w id th  ha l f  max imum (FWHM) .  Th i s  enhances  t he  ab i l i t y  t o

iden t i f y  i nd i v idua l  pho topeaks  and  quan t i f y  t he  i so topes  de tec ted

; :eLat ive to  other  types of  gamma ray detectors.  The system was

ca l i b ra ted  to  measure  gamma rays  o f  ene rgy  up  to  1500  keV .  How-

eve r ,  ganma  pene t ra t i on  o f  t he  sh ie l d  i s  s i gn i f i can t  above  600

keV and  the  accu racy  o f  ca l i b ra t i on  i s  known  to  dec rease .  I t  i s

noL  known  how much  the  ca l i b ra t i on  i s  o f f  f o r  t he  h ighe r

energ  i es  .

A  con i ca l  sh i e l d  (F i gu re  2 )  i s  moun ted  on  t he  de tec to r  t o

res t r i c t  t he  de tec to r  v iew  to  a  g i ven  so l i d  ang le  and  thus  a

f i xed  c i r cu la r  a rea  on  the  g round .  The  phys i ca l  ang le  o f  t he

cone  i s  50 "  f rom the  ve r t i ca l  I  however ,  t he  cu t  o f f  ang le  a t

wh i ch  gammas  cease  t o  en te r  t he  c r ys ta l  i s  app rox ima te l y  60 ' f o r

ga ' Imas  w i th  ene rg ies  be tween  0  and  600  keV .

The  c i r c le -o f - v iew  d iamete rs  fo r  t hose  de tec to r  he igh ts  used

a t  Ke1 lex  a re :



Approx ima te  F ie ld  o f

V iew  D iame te r  (m)

2 .0

3 .5

5 .0

1  0 .0

14 .  0

26 .0

The  in t r i ns i c  ge rman ium de tec to r  was  ca l i b ra ted  fo r  pho topeak

se . r s i t i v i t y  t o  gamma em i t t e r s  i n  so i l  by  two  me thods ,  ( 1 )  by

d j rec t  measuremen t  o f  known  concen t ra t i ons  o f  po tass ium,  u ran ium

and  tho r ium a t  s imu la to r  pads  i n  Grand  . Junc t i on ,  Co . ,  and  (2 )  by

labo ra to ry  po in t  sou rce  angu la r  response  measuremen ts  fo lded  i n to

a  sens i t i v i t y  compu ta t i on .  These  two  me thods  ag ree  w i th in  +  158

cve r  t he  ene rgy  range  o f  0  to  600  keV .

Th is  i n fo rma t ion  and  so i l  dens i t y  measuremen ts  taken  a t

t se l l ex  de te rm ined  the  conve rs ion  fac to rs  used  to  conve r t  pho topeak

ccun t  ra te  to  rad ionuc l i de  concen t ra t i ons .  The  conve rs ion  fac to rs

used  f o r  t h i s  su rvey  a re  g i ven  i n  Tab le  1 .

i i t_ in imum Delectable 4g- t iv i ty  ( ly lDA) - -  The min imum detectable so i l

ac t i v i t y  f o r  t he  i n  s i t u  gamma sys tem i s  dependen t  on  the  s igna l

coun t  ra te  and  the  backg round  coun t  ra te .  The  i n  s i t u  sys tem uses

a.  photopeak (s ignal )  energy window and two background windows on

e i the r  s ide  o f  t he  s igna l  w indow chosen  so  tha t  t he  to ta l  w id th  o f

the  backg round  w indows  i s  equa l  t o  t he  w id th  o f  t he  s igna l

w indow .  Then :

S  = f  -B

S  =  s igna l  coun t

T  =  to ta l  coun t  i n  s igna l  w indow

B =  backg round  coun t .

( 1 )

where
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Photopeak Count

Factors (in

BBLE 1

Rate to Radionuclide

{i/g trer ount/sec)

Concentratiqr Coversion

Used at Kellex

Crafima

Energy

Detector Elevation (m)

Isctope (kev) 1 .0. 5 3.01 .5 4.0 7 .4

g1x341

19234
.16234

P;6'226

U235
p|212

ps214

p6214

11208

s1214
gs1 37

i'6228

Bi214

K40

59.  s

63.  3

92.8

196 .  1  *

185 .7*

238.6

295.2

351  .9

583.  1

609.  3

661  . 6

911 .1

1120.4

1460 .8

6 .9

75 .7

53 .  6

33 .7

3 .5

7 .3

25.4

15 .0

24.3

18 .6

11 .0

34. s
86 .5

1r4

7 .0

77 .2

54 .  5

34.2

3 .6

7 .4

25.5

15 .0

24.6

18 .8

11 .1

3s.0
87 .  3

t r5

7 .2

78 .5

s4 .8

34.4

3 .5

7 .4

25.5

15 .0

24.9

19 .0

11 .2

35 .  3

88 .  3

116

7 .3

80 .0

55 .7

3s .0

3 .7

7 .5

26.1

15 .3

25.2

19 .3

11 .4

35 .9

89.2

l r7

7 .8

85 .7

58 .5

36.7

3 .9

7 .9

27 .2

16 .0

26.4

20.1

11 .9

37 .  5

92.2

L22

95.1

63 .1

39.7

4 .2

8 .5

29.0

17 .1

26.4

21.7

12.9

40 .  3

99.4

L29

t

* Ttre IEak rear 186 keV consists of ganmas from both 226p;- a'6 235i1. The onversion

factor 1ot 226p6 is orrect cnly rafren gls 238L1 chain is in secular eguilibrium down

1s 226p and when thg 2351I is 0.7t, by rrcight , of 2389 (the rprmal relationship

between 2359 6p6 23891. Ttre 2359 qonysrsion oeff icient is that computed for

235u ganmas qrly at 185.7 kev.
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Th i - s  can  be  rewr i t t en  as :

,  s  =  (s  +  B)  B
w: th  a  s tanda rd  dev ia t i on  o f

ts  +  2Bl1 /2  (2)

wl ren  t he  no rma l  s t a t i s t i c s  app I y ,  i . e . ,  i ndependen t l y  d i s t r i bu ted

Po i sson  p rocesses .

We de f i ne  the  sys tem MDA fo r  any  s ing le  pho topeak  as  tha t

l eve l  o f  s i gna l  ( de f i ned  by  Equa t i on  1 )  wh i ch  i s  t h ree  t imes  t he

s tandard  dev ia t i on  due  to  backg round  o f  t he  measuremen t .

MDA =  (3 t2B l1 /Z ) * c /L ,  ( 3 )

where  C  i s  t he  conve rs ion  fac to r  t o  pC i /9 ,

and  t  i s  t he  measuremen t  t ime  in  seconds .

I v tDA i s  a l so  s i t e  spec i f i c .  Compos i t i on  o f  so i l  and  na tu ra l

backg round  ac t i v i t y  a t  a  s i t e  a re  i n f t uenc ing  f ac to r s  i n  de te r -

m in ing  I ' IDA .

The  so f tware  i n  t he  compu te r  o f  t he  i n  s i t u  sys tem eva lua tes

spec i f i c  pho topeaks  i n  rea l  t ime  f rom the  ene rgy  spec t rum ob ta in -
-  e< l  f r om each  measuremen t .  The  resu l t s  a re  p r i n ted  ou t  immed ia te -

I 1  f o r  t he  ope ra to r r s  i n t e rp re taL ion .  These  resu l t s  i nc l ude  t he
'  l so tope  name,  gamma energy  pho topeak  coun t  and  es t ima ted  so i l

ccncen t ra t i on .  A  I i s t  o f  t he  rou t i ne l y  measured  i so tope  gamma

pbo topeaks ,  assoc ia ted  ga rnma energy ,  m in imum de tec tab le  ac t i v i t y

a t  Ke I Iex  and  the  use  o f  t he  measuremen t  a re  g i ven  i n  Tab le  2 .

! ;Vg tem Oep tn  o f  V iew  - -  Gammas  o r ig ina t i ng  i n  t he  so i l  a re  a t ten -

ua ted  by  the  so i l  so  tha t  t he  number  o f  unco l l i ded  ganmas  reach -

i ng  t he  de tec to r  dec reases  exponen t i a l l y  w i t h  dep th  o f  o r i g i na -

t i cn  i n  t he  so i l .  The  mean  f r ee  pa th  (MFP i n  g / cm2)  de f i nes

the  max imum dep th  o f  o r i g in  above  wh ich  63 t  o f  t he  unco l l i ded

gammas  a re  seen  by  the  de tec to r .  A t  t he  ou te r  edges  o f  t he

Ce tec to r  f i e l d  o f  v i ew ,  t he  pe rpend icu la r  dep th  o f  t he  so i l  f o r

one  I v tFP  i s  app rox ima te l y  one -ha l f  o f  t he  cen te r  l i ne  dep th .  T 'h i s

rs  due  to  the  i nc reased  samma pa th  l eng th  f rom the  po in t  o f

o r i g ina t i on  th rough  the  so i l  t o  t he  de tec to r .  Thus ,  ga rnma a t ten -

11



$BLE 2

Radionuclides Routinely Measured at the Kellex Site

C'anma I'[DA
fs USE

24'lap 59. 5 Rrlse Height Analyzer (PHA) gain calibration

2i41,1,1 63.3 B.Z Irply 2389 soncentration

2346 g7.g 6.1 lrnply 23Bg qoncentration

2359 185.7 2359 666 226p2 appear as gRg SrotopgRk.
They ae used to omPute z5)U and zruu

crcncentratiors at secular equilibrium.

225pa 186.1 2.3

212p6 238.6 0.4 rnpry 232'76 oncentration

214p6 295.2 1.1 rnpry 226p6 @nc€ntraliep 616 238g

activity at eqr:ilibrium

', 214p6 351.9 0.6 Impty 226p6 concentragien 616 2389

act.ivity at equil ibriun
' 

20811 583. 1 0. G Inpty 232y6 oncentration

214gi 609.3 0.4 rnpry 226r<;- @nc€ntraliep 46 23Bg

concentration at equilibrium

137gs 661.6 0.2 PgA gain calibration - rmply r.'orldwide
fallout*

221pg 911.1 0.6 rnpry 23216 concentration*

214gi 1120.4 j.4 Imply 226Ra ad 23BU concentrations for

6oco 1333.3

secular equilibrium*

PHA gain calibration

40y. 1460.8 1.6 rnply 40K crcncentration*

*Ganma trenetration of the shield begins to be significant &ove 600 keV. Threrefore, the
area viewed by the detector is nort. clearly defined above 600 keV.

L2



ua t ion  by  the  so i l  l im i t s  t he  dep th  to  wh ich  gamma emi t t i ng

rad ionuc l i des  may  be  measured .  The  max imum dep ths  a t  wh ich  63 t

(  1  I ' , IFP)  and  95 t  (  3  t " lFPs  )  o f  a  un i f  o rm d i s t r i bu t i on  o f  gammas  can

be  measured  a re  i nd i ca ted  i n  F igu re  3 .

Exposure ComPulat ion - -  I t  is  poss ib le  to  conver t  the measured

concen t ra t i ons  to  exposu re  ra te  us ing  the  tab les  o f  Beck  e t  a I

(  1  ) .  The  con t r i bu t i ons  f rom each  spec ies  and  se r ies  o f  rad io -

act ive isotopes are summed to prov ide an est imate of  the to ta l

gamma exposu re  a t  a  1  m he igh t  above  the  g round  su r face .

EBERLINE INSTRUI4ENT CORPORATION (EbCTI iNC)

Eber l i ne  p rov ided  p ro jec t  rad io log i ca l  hea l th  phys i cs  sup -

po r t .  Th i s  ranged  f rom so i l  samp l ing  and  i ns t rumen t  su rvey  teams

to  s i t e  hea l t h  phys i cs  f o r  pe rsonne l  p ro tec t i on .  Ebe r l i ne

pe rsonne l  we re  i nd i v i dua t l y  ass igned  spec i f i c  t asks  such  as  da ta

reco rde r ,  i ns t r umen t  ma in tenance '  so i l  samp le r '  e t c ' ,  t o  accom-

p l i sh  an  e f f i c i en t  and  p roduc t i ve  p rog ram.  Add i t i ona l  pe rsonne l

were  added  as  regu i red  to  mee t  t he  p ro jec t  t ime  schedu le '  F ie ld

<1a ta  co l l ec ted  by  Eber l i ne  pe rsonne l  were  reco rded  and  any

anomalous areas that  were d iscovered were noted and the locat ions

commun ica ted  to  the  o the r  con t rac to rs  fo r  f u r the r  examina t i on -

So i I  samp les  were  sh ipped  on  a  da i l y  bas i s  i n  o rde r  t o  ensu re

tha t  con t i nuous  da ta  wou ld  be  p rov ided  by  the  ana ly t i ca l  I abo ra -

t o r y  abou t  t he  s i t e  r ad io l og i ca l  cond i t i on .  F i e l d  i ns t r umen ts '

ca l i b ra t i ons  and  s i t e  hea l t h  phys i cs  cons ide ra t i ons  a re  d i scussed

i i r  t he  f  o l l ow ing  sec t  i ons  .
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IN SITU DEPTH OF VIET VS GAI.|}IA ENERGY
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EI

J

cl
U'

SOLII] LINE IS F()R 952 OF GAI,IIIAS
oASHEo LINE IS FoR 631 0F GAt{}lAS

GAl,ltlA ENERGY fteV)

F igu re  3 .  I n
minimum depths
as seen by the

Si tu  Depth of  V iew vs.  Ganrna Energy '  Th"
from wiricft OIA and 952 of gaflmas originate
int r ins ic  germanium detector  used at  KeI Iex '
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F ie ld  Ins t rumen ts  - -  I ns t rumen t  su rveys  were  made  on  a I I

t r enchs idewa l l sancbo t t oms fo rgammaandbe ta rad ia t i onus ing

Lhe th ree t ' ypeso fpo r t ab leSu rveyme te rswh i cha redesc r i bed

be  I  ow .

a .  G ross  Gamma Sc in t i l l a t i on  Me te r  (SPA-3 )

A  spA-3  sc i n t i t l a t i on  p robe  assembry  con ta i n i ng  a  5 ' 08  cm

. l i ame te rby5 .0Bcm longNa I (T t ) c r ys ta l coup led toa5 .0Bcm

d iame te rpho tomu l t i p l i e r t ubewasused tomeasu re low- l eve lgamma

r . rd i a t i onexposu re .Readou twasp rov idedbyad ig i t a l r a te

me te r - sca le rEbe r l i ne l ' l ode lPRS- lused in the ra teme te rmode

w i th  readou t  i n  m ic ro reon tgen  pe r  hou r  (uR /h )  us ing  a  ca l i b ra t i on

fac to ro f1000cP l " l / uR /h .Thep robeand ins t rumen twe read jus ted

So tha ta60keV24 l sngammaraywou ldp roducemax imumcoun ts

jus t  above  Lhe  th resho ld  se t t i ng '

Theca l i b ra t i on fac to rwasde te rm inedbycompar i ng read ings

rv i th  a Reuter-s tokes pressur  ized ion chamber over  a natura l  uran-

ium sou rce  aL  1  me te r '  The  response  o f  t he  SPA-3  i s  ene rgy

dependen t  bu t  c ross  ca l i b ra t i on  w i th  the  p ressu rLzed  i on  chamber

te r rds  to  m in im ize  e r ro rs  i n  t h i s  measuremen t  wh ich  cou ld  app roach

+  25* * . . o tu td  

uR /h  sPA-3  read ings  r i s ted  i n  t h i s  repo r t  a re  the

ave rageo f two ins t rumen tcompu tecyc lesa f t e r t hep robewas

s ta t i ona ryand incon tac tw i t h thes idewa l l o rob jec tbe ing

rneasu red .Eachcompu tecyc lecons i s tedo f l o00coun tsd i v i dedby

t i r e t ime requ i red toco l l ec t t he l000coun ts .The two read ings

h 'e re t yp i ca l l yw i t h i n3 to feacho the r .Da i l y responsechecks

weremadeus ings24 l6ps tanda rd incon tac tw i t h thep robe

face . I nS t rumen t reSponsechecksandbackg round read ingswere

made f romoc tobe r2 l , l g80 th ruNovemberT l l gsoanda re reco rded

inTab le3 .A l l r ead ingswere takenove raconc re tepada tg r i d

po in t  (GP)  (170 ,80 ) '  (See  F igu re  4 )  '
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b.  Beta, /Gamma GIv l  Detector  (  HP-21 0 )

Be ta  read ings  were  taken  us ing  an  Eber l i ne  HP-210  Th in  t t l i ca

Window ( ' l  . 2 - " t . 4  mg /cmz )  G l l  Tube  de tec to r  w i t h  1  5 .5  cm2

su r face  a rea  moun ted  i n  a  h i gh  dens i t y  t ungs ten  sh ie l d  ho lde r '

Coun t  ra te  readou t  was  p rov ided  by  an  Eber l i ne  PAC-4S ana log  ra te

mete r  us ing  an  sK-1  aud io  speake r .  Readou t  was  i n  coun ts  pe r

m inu te  ( cp t - , I )  i n to  p robe  face  w i th  ca l i b ra t i on  p rov ided  by  an

eJcc t rop la ted  99 f c  s tanda rd .  Ave rage  ca l i b ra t i on  e f f i c i ency

was  0 .28  CPM pe r  DPM in to  p robe  f ace  f o r  be ta  ene rgy  o f  0 .29  MeV

max imum.  To  i nc rease  the  p robab i l i t y  o f  de tec t i ng  the  5 -B  MeV

a lphas  p resen t  w i t h  238U  and  daugh te r  p roduc t s '  add i t i ona l

window th ickness was not  added to reach the normal  |mg/cm2'

Typ ica l  da i l y  ca l i b ra t i on  and  backg round  read ings  a re  shown  in

Tab le  3 .  A I so  t he  HP-210  i s  r e l a t i ve l y  i nsens i t i ve  t o  gamma

pho tons  as  compared  to  be ta  pa r t i c l es  and  s ince  be ta  pa r t i c l es  o f

0 .29  l v l eV  max imum w i l l  pene t ra te  on l y  a  f ew  m i l l ime te r s  o f  so i l ,

t h i s  i ns t r umen t  i s  on l y  su i t ab le  f o r  de tec t i on  o f  su r f ace

ccn tamina t i on

-  c .  PHA I ' l ode  Gamma Sc in t i l l a t i on  (F IDLER)

A  l a rge  a rea  Na I (T1 )  de tec to r ,  Ebe r l i ne  RD-21 '  us i ng  a  12 ' 7

'  
c rn  d i ame te r  by  1 .6  mm th i ck  c r ys ta l  coup led  t o  a  12 .7  cm l ong

pho tomu l t i p l i e r  t ube  w i t h  a  0 .25  mm be ry l l i um  w indow  was  u t i l i zed

t -c  detect  the 93 keV gamma ray produced by the 23416 daughter

o f  238U.  To  avo id  w indow damage  a  w i re  ho lde r  was  used  to

keep  the  de tec to r  a t  l eas t  5  cm f rom the  measured  su r face  a t  a l l

t imes .  Readou t  i n  CPI " I  was  p rov ided  by  an  Eber l i ne  ana log  ra te

mete r ,  t " l ode l  pR l l -5 ,  w i th  sK-1  aud io  speake r  ou tpu t .  The  response

c . , f  t he  F IDLER (F ie ld  Ins t rumen t  f o r  De tec t i ng  Low Energy

Rad ia t i on )  was  max im ized  us ing  a  one -ha l f  ga l l on  me ta l  can  o f

Ke I I ex  so i t  f r om GP (55 r110 )  known  to  con ta i n  an  ave rage  o f  150

tc ' i /g  (wet  )  23416 '

No  abso lu te  ca l i b ra t i on  o f  CP l4  to  p ] t / g  was  necessa ry  s ince

the  i ns t rumen t  was  used  to  i nd i ca te  l eve l s  h ighe r  t han  backg round

dur ing  the  t rench  s idewa l l  scans  f rom wh ich  so i l  samp les  cou ld  be

taken  fo r  ana lys i s .  Ave rage  da i i . y  response  and  backg round

.  Eead ings  a re  l i s t ed  i n  Tab le  3 .
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BBLE 3

Average Instrument Restrrcnse and Background Checks

for thre Portable Survey Instrwrents'

FIDI.ER HP-21 0SPA-3

2415n
uR/h

BKG 241s6
CPIt'l

KeIlex
soil
CPIvt

BIank-
can BKG
CPM CPI4

99rc BKG
CPTT,I CPM

Date u

10-2 l -80

1 0-22-80

1 0-23-90

1 0-24-80

1 0-27-80

1 0-28-80

10-29-80

1 0-30 -80

10-31 -80

11 -01 -80

1 1 -C3-80

1 1 -04-80

1 1 -05-80

1 1-06-80

1 1 -07-80

*lirc reading

NR NR

NR 1500

NR 1200

NR 1000

NR 1700

TIR 18OO

1200 1400

1 200 1 300

1200 1400

1200 1400

1100  1400

1200  1400

1300  1500

1 200 1400

1300 1600

30

28

28

27

30
29

27

28

28

27

28

27

27

26

27

ITR*

5

6

6

8

I

6

6

6

6

6

6

6

6

6

1 800

1 500

1 300

1 200

1800
1 800

NR

NR

NR

NR

NR

NR

NR

NR

NR

r{R
NR

NR

NR

NR

NR

2000

2000

2000

2000

2000

2400

2200

2000

2400

2000

1 900

2000

1 800

1800

1 900

1900

1 800

1 800

1 900

1900

2000

2700

2400

2000

NR

200

200

150

150

100

100

100

100

150

100

100

100

100

100
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s i te  Hea l th  Phys i c -s  supPor t  - -  The  hea l th  phys i cs  P rog ram se rvec l

t odocumen t tha tPe rsonne ld i dno t rece i veex te rna lo r i n te rna l

rad ia t i on  exposu re  above  backg round  Ieve l s  Our ing  the  subsu r face

inves t i ga t i on .P ro jec tPe rsonne lwe re requ i red towea ra the r -

ma l  l um inescen t  dos ime te r  (TLD)  badge  wh i l e  work ing  on  s i t e  and

g ive  a  p re -and  pos t - su rvey  u r i ne  samp le  fo r  b ioassay '  As  an

adc i t i ona lmeasu re fo rhea l t hphys i cssa fe t y ,a i r samp le rswe re

rundu r i ngwork i nghou rsso rad ionuc l i dea i r concen t ra t i onscou ld

be  de te rm ined .

Twen type rsonne lTLD(S )ands i xTLDareabadgeswerep laced

o r i ssueddu r i ng thepe r i od f romoc tobe r l s , l g80 th ruNovember

8 ' l g80 .They ind i ca tedno read ingabove thebackg roundo f2+

0 .3  mRem/week .

Th i r t y  p re -and  pos t - su rvey  u r i ne  samp les  were  ana lyzed  fo r

t o ta l u ran iu rnby the f l uo rome t r i cme thodw i t hno resu l t g rea te r

t han them in imumde tec tab leac t i v i t yo f5vg / I , f o ra24hou r

samPIe .

A i r samp l i ngcons i s tedo f f ou rpos i t i ved i sp lacemen tsam-

p le r s (Ebe r l i neRAS. Iun i t s )d raw inga i r t h ru4T lnmf i l t e rpape rs

a t50 l i t e r spe rm inu te .Thesamp le rswe reused incon junc t i on

v l i t hpo r t ab legene ra to r sandwerep laceda tva r i ous loca t i ons

abou t t hes i t edepend inguponwea the randwork i ngcond i t i ons .

One  samp le r  was  p laced  pe rmanen t l y  a t  t he  o f f i ce  t ra i l e r

comp lexand rancon t i nuous l y .Theo the r t h reesamp le rswe re

ope ra teddu r i ngwork i nghou rsandpos i t i oneda longs i t ebound .

a r i eso ra roundwork i nga reas .H ighand lowvo lumesamp le rswe re

ope ra ted in te rm i t t en t l yon thebackhoe toassess thedus t l eve l s

a t t heope ra to r s Ipos i t i on .A i r f i l t e r swe rechangeda t t he

beg inn ingo feachworkdayw i t hope ra t i ng t imeand f l owra te

re :o rded  f o r  ana l ys i s .  I n i t i a l  a i r  f i l t e r  pape rs  we re  ana l yzed

fo rg rossa lphaa t t he l , l i dd l esexp ro jec to f f i ce ,a f t e rdecayo f

radon  and  tho ron  daugh te r  p roduc ts ,  us ing  an  Eber l i ne  sAc -4  a rpha

sc in t i l l a t i on  coun te r '  A I I  samp les  we re  re tu rned  t o  Ebe r l i ne

A lbuque rqueLabo ra to r y fo r compos i t eana l ys i sbywe tchem is t r y

f ox i so top i cu ran iumand i so top i c tho r i um.A l l f i e l dg rossa lpha
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coun ts  o f  a i r  samPle  f i l t e r s  were

ERDAl, t  0524 appendix  concentrat ion

occupa t iona l  exPosure .

CG A i r

I sotope ( uC i,/ml '
i nso lub le  )

l ess  than  one  m i l l i on th  o f  t he

qu ide  a l l owed  fo r  40  hou r

compos i te  f i l t e r  ana lys i s  resu l t s  a re  repo r ted  be low .

KELLEX AIR F ILTER COI , , IPOSITE RESULTS

Of f i ce

T ra i l e r

Workp laces

(Sum o f  o the r

Samp le rs  t

234U

235U

2 38U

1 .10E-10

1 .10E-10

1 .10E-10

u C i /nI

<8 .8E-16

<2.78-16

<6 .8E-16

u C i , /mt

<3 .58-16

<1 .1E-15

<2.2E-  16

To ta l  Vo Iume (m3  )

A11  ea r th  mov ing  equ iPmen t

v iashed down,  surveYed and swiPe

i {o act iv i ty  above background was

o f f s i t e  du r i ng  t he  P ro jec t .

and  veh ic les  used  on  s i t e  were

tes ted  be fo re  re l ease  t o  o f f s i t e .

detected on any i tems moved

1  389 1  689

Dese r t  Resea rch  I ns t i t u t e  (DR I )  DR I  p rov ided  s ta t i s t i ca l

s r \ppo r t  as  requ i red ,  wh ich  i nc luded  the  des ign  o f  t he  subsu r face

samp l ing  p lan  and  da ta  base  managemen t  func t i ons .  I n  add i t i on '

ope ra t i ona l  f i e l d  suppor t  was  p rov ided  fo r  t he  se lec t i on  o f

t rench  l oca t i ons ,  rad io log i ca l  measuremen t  l oca t i ons  and

ass i s tance  i n  dec i s ions  fo r  va r i ous  t rench  and  samp l ing  modes

t r i gge red  by  f i e l d  r esu l t s .
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Developmen-t  o f  Subs-ur f  a-ce Sal rg l i l rg  Plan - -  S ince the sur face

su rvey  cou ld  de tec t  con tamina t i on  on l y  i n  t he  f i r s t  seve ra l

cen t ime te rs  o f  so i l ,  subsu r face  da ta  were  needed  to  ge t  a  f i r c re

co lnp le te  p i c tu re  o f  t he  rad io log i ca l  cond i t i on  o f  t he  s i t e  '  I t

was  fe l t  t ha t  d igg ing  one  me te r  deep  t renches  on  the  s i t e  wou ld

bes t  acco rnp l i sh  th i s  s ince  t rench ing  deeper  wou ld  p robab ly

encoun te r  t he  g round  wa te r  t ab le  '

Twoexpe r imen ta l t r enchesweredug tode te rm inewha td i f f i -

cu l t i eswou ldbeencoun te redand thep rope requ ipmen t touse .

one t renchwasdug inana reao fsuspec tedcon tam ina t i onas

sugges ted  by  the  su r face  su rvey '  and  the  o the r  i n  an  a rea  where

su r face  measuremen ts  i nd i ca ted  backg round  leve l s .  A  backhoe  was

used tod igeach t renchand thenp lace the removedma te r i a l on

ones ideo f t he t rench .A f t e r t he t spo i . |wassp read , i twas

su rveyed  by  the  i n  s i t u  measuremen t  S -Szs tem '  I t  was  de te rm ined

tha t spo i l p i l esdugcou ldbesp readnomore than lombecauseo f

the vo lume of  mater ia l  removed f rom the t rench.  However ,  in

a reas  where  con tamina t i on  was  suspec ted ,  so i l  p i l es  wou ld  on l y  be

sp read  f i ve  me te rs  to  avo id  i n te r fe rence  w i th  nea rby  t renches '

A l t hough  some  d igg ing  d i f f i cu t t y  was  encoun te red '  i t  was

conc luded  tha t  t rench ing  was  the  mos t  des i rab le  me thod  fo r  sub -

: . u r f  ace  cha rac te r i  za t  i on  '

To loca tephys i ca lobs t ruc t i ons to t rench ing , t hes i t ewas

"wa l ked "andobs t ruc t i onswerep lo t t ed 'Toa id i n th i s ' pho to -
g raphs  o f  t he  o r i g ina l  p lan t  and  the  p resen t  day  s i t e  were

s tud ied .  The  resu l t s  o f  t he  su r f ace  cha rac te r i za t i on  p rov ided

f  r t r t he r  i npu t  f o r  spec i f y i ng  the  l oca t i on  o f  t renches  '
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Toa t t a i nah ighdeg reeo fcon f i denceo f l oca t i ngana re ,ao f

con tamina t i on  wh ich  wourd  cause  the  gu ide l i ne  to  be  exceeded '

t r ench ingwasdonea ta5mspac ing insuspec ta reas .Th i sSpac -

i ngg i vesap robab i l i t yo f .S5o fde tec t i ngacon tam ina tedd i sk

o f  e i gh t  squa re  me te rs  ( see  Append i x  B )  '  Th i s  ca l cu la t i on  i s

based  on  a  p rev ious  i nves t i ga t i on  t ha t  r eco rded  a  2 'OO0  pc i / g  o f

238u  a t  one  l oca t i on .  The  spac ing  i nc reased  to  10  m as  the

d is tance  f rom suspec ted  con tamina t i on  became g rea te r '  I n  a reas

where  con tamina t i on  was  no t  suspec ted ,  t renches  v te re  dug  i n te r -

r n i t t en t l y  a t  a  20  m  spac ing .  The  i n i t i a l  l o ca t i ons  o f  t r enches

a re  p lo t ted  i n  F igu re  5 .  F rom th i s  f i gu re  the  to ta l  l eng th  o f

t rench ing  was  es t ima ted  to  be  app rox ima te l y  2 ,600  me te rs '

Toga inmax imumin fo rma t i onabou t t hesubsu r faceso i l , t he

s idewa l l s  o f  t he  t renches  were  su rveyed  by  Eber l i ne  w i th  f i e ld

i ns t rumen tsandp ro f i l eso i l samp les takena tg r i dnodes .

w i th  the  samp l ing  p lan  deve loped ,  es t ima tes  o f  t he  app rox i -

ma te  number  o f  so i l  samp les  and  i n  s i t u  measuremen ts  cou ld  then

be  ca l cu la ted .  I n  add i t i on ,  p ro jec t  comp le t i on  t ime  cou ld  be

e s ' -  imated .

Da taBase i rngEqu ipmgn ! - -Da taco l l ec tedby the ins i t u

measuremen t  sys tem was  t rans fe r red  to  a  magne t i c  d i sk  us ing  a

Hew le t t  Packa rd  9381A compu te r .  By  do ing  th i s  a  backup  copy  o f

d3 ta  was  c rea ted  and  qua l i t y  assu rance  cou ld  be  done '  These  da ta

and  Ebe r l i ne  f i e l d  r esu l t s  and  so i l  samp le  ana l yses  w i l l  be

t rans fe r red  to  a  9 - t rack  magne t i c  t ape  fo r  rong  te rm s to rage  a t

DOE/NV.  Add i t i ona l  compu t ing  equ ipmen t  i nc luded  a  p lo t te r  and

pr in te r  f o r  d i sp lay ing  and  summar i z ing  da ta  as  necessa ry '  
t
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OPera t  i ona l  P rocedures

Samp l i ng  Dec i s i ons  Fo r  t h i s  r ad io l og i ca l  subsu r face  and

su r face  Survey ,  cons tan t  dec i s ion -mak ing  vJaS  necessa ry  to  de te r -

m ine  whe the r  add i t i ona l  samp l ing  was  needed .  t v l ak ing  the  dec i s ion

in  the  f i e ld  was  more  feas ib le  than  wa i t i ng  fo r  t he  resu l t s  o f

so i l  samp l ing  ana lys i s  i n  o rde r  t o  dec ide  i f  add i t i ona l  t rench ing

was  requ i red .  The re fo re ,  t he  i n  s i t u  measuremen t  sys tem was

;e l i ed  upon  to  make  such  dec i s ions .  I f  bo th  53  keV  and  93  keV

peak  o f  23416  ind i ca ted  ac t i v i t y  g rea te r  t han  I " IDA '  t h i s  was

an  ind i ca t i on  tha t  f u r the r  examina t i on  i n  t ha t  a rea  was

war ran ted .  r h i s  gave  a  de tec t i on  l im i t  o f  app rox ima te l y  6 -8

pc i /g  o f  234a6  when  us ing  a  15  m inu te  acgu i re  t ime '  Th i s

a l so  assumes  tha t  u ran ium i s  i n  secu la r  equ i l i b r i um w i th  i t s

daugh te rs .  Fu r the rmor€ r  i t  was  recogn ized  tha t  t h i s  t r i gge r  does

no t  necessa r i l y  imp ly  the  p resence  o f  excess  23416 ,  bu t  i t

was  used  as  a  gu ide l i ne  f o r  samp l i ng  dec i s i ons .  A  dec i s i on

dur ing  su r face  cha rac te r i za t i on  to  i nves t i ga te  an  a rea  fu r the r

resu l ted  i n  es tab l i sh ing  a  5  m g r id  a round  the  l oca t i on ,  and

tak ing  measuremen ts  w i th  the  IG  de tec to r  a t  a  l ower  he igh t  '  A

, , I ook  c lose r "  dec i s ion  fo r  t he  subsu r face  su rvey  mean t  t rench ing

oT l  e i t he r  s i , i l e  5  m away ,  t ak ing  add i t i ona l  measuremen ts  and

co l l ec t i ng  so i l  samP les .

TheKe l l ex -Gr i dSy -s tem- -Ag r i dsys temwassu rveyedand

s taked  by  Fo rd ,  Bacon  and 'Dav i s  o f  u tah ,  I nc .  Th i s  sys tem was

subsequen t l y  t i ed  to  the  New 'Je rsey  s ta te  coo rd ina te  sys tem by

F i sk  Assoc ia tes  o f  t " l i dd l esex ,  New Je rsey '

The  g r i c l  was  square  w i th  s takes  a t  20  m ln te rva l s  (F igu re

6 ) .  The  x -ax i s  r uns  i n  an  no r t h -eas te r l y  d i r ec t i on  and  l i es  on

the  sou th  edge  o f  t he  conc re te  a long  Droye rs  S t ree t  '  The  y -ax i s

exLends  i n  a  sou th -eas te r l y  d i rec t i on  i n  t he  pa rk ing  ro t  ac ross

Droye rs  s t ree t  f rom the  Ke l l ex  s i t e .  The  g r i d  t i e  po in t s  w i th

the  New 'Je rsey  coo rd ina te  sys tem a re  l i s ted  be low .
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NEW 
.JERSEY 

COORDINATES OF THE 20 M GRID SYSTEIT{

20 I ' le ter  Gr id New Je rseY

0

140

300

0

0

0

684 ,334 .45

684 ,453 .01

684 ,588 .67

2  r155  , 434  . 48

2  t 155 ,87  8 .39

2 ,156 r385 .48

A  la rge  subsec t i on  o f  t he  s i t e  was  g r i dded  on  5  m in te rva l s  by

Ford  Bacon  and  Dav is  o f  U tah  because  i t  had  the  h ighes t  p robab i l -

i t y  o f  con ta i n i ng  con tam ina t i on .  Th i s  a rea  i s  de f i ned  by  t he

GP (70 ,35 ) ,  ( 70 ,140 ) ,  ( 35 ,35 )  and  (45 ' 40 ) .  Add i t i ona l  l oca t i ons

wi , rere a 5 m gr id  was needed were measured by f ie td personnel

us ing  es tab l i shed  g r i d  nodes  (F igu re  7 ) .

DATA COLLECTION

Sur face  - -  Be fo re  the  su r face  Survey  began ,  a  genera l  s i t e

phys i ca l  c l eanup  was  necessa ry .  Ta I t  weeds  were  cu t  down  and

Ioose  rubb le  was  p i l ed .  The  l a rge  p i l es  o f  conc re te  rubb le  were

no t  moved  a t  t h i s  t ime  in  o rde r  t o  m in im ize  so i l  d i s tu rbance .

Baekdragg ing  was  a l so  kep t  t o  a  m in imum fo r  t h i s  same reason .

A f te r  s i t e  p repa ra t i on  was  comp le ted ,  t he  p rev ious l y  desc r ibed

20  m  and  5  m  g r i d  we re  es tab l i shed .

In  s i t u  measuremen ts  were  then  taken  on  the  20  m and  5  m

gr i ds  (F i gu res  6  and  7 ) .
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Subsgr f j r ce  Da ta  go l l ec t i on  - -  Because  the  t rench ing  ope ra -

t i on  des t royed  the  g r i d  aS  i t  p rog ressed ,  t rench  cen te r l i nes  were

l i ned  w i th  cha lk  p r i o r  t o  d igg ing .  Loca t i ons  fo r  so i l  samp les

and in  s i tu  measurements were chalked 'as hash marks but  on the

opgos i te  s ide  f rom the  spo i l  p i l e .  I n  t h i s  manner  l oca t i ons

reco rded  by  da ta  co l l ec t i on  teams  wou ld  be  cons i s ten t '

As  each  t rench  was  dug ,  t he  Eber l i ne  i ns t rumen t  t eam wou ld

move  in  and  su rvey  the  s idewa l l s  and  bo t tom us ing  the  i ns t rumen ts

desc r ibed  ea r l i e r .  A t  each  g r i d  node  marked ,  i ns t rumen t  read ings

were made and recorded at  5  cm, 15 c l l l r  25 c l l l r  45 Cm and 75 Cm

dep ths  us ing  a  p re -marked  measu r i ng  s t i c k  as  a  gu ide .  Add i t i on -

a l l y  t he  t rench  bo t tom read ings  were  reco rded  fo r  each  g r i d

lo :a t i on  bu t  were  no t  repo r ted  i n  t he  da ta  l i s t i ngs  un less  the

read ings  exceeded  the  s idewa l l  va lues .  I f  scan  i ns t rumen t  read -

ings  exceeded  the  va lues  reco rded  a t  t he  
' g r i d  

nodes ,  add i t i ona l

, , b ias , ,  samp le  nodes  were  marked  and  reco rded .  A I1  scan  i ns t ru -

men t  read ings  be tween  g r i d  nodes  were  taken  us ing  the  aud io  ou t -

pu t  genera ted  by  the  de tec to r  as  a  l eve l  de tec t i on  me thod '  A11

gr id  nodes  were  taken  us ing  a  Pause  and  read  techn ique  to  reduce

the  i ns t rumen t  response  e r ro r  f ac to r .  A I t  o ld  Iabo ra to ry  deb r i s t

sewer p ipes and concrete s labs uncovered were scanned for  poss i -

b l e  con tam ina t i on .

A  1500  g  so i l  samp le  was  taken  f rom each  g r i d  and  "b ias "

sanp l i ng  po in t  a t  5  cm,  15  c r r l r  25  c l l l r  45  cm and  75  cm dep ths

us ing  a  d r i ve  t ype  s idewa l l  samp le r  t oo l  and  p laced  i n  p las t i c

bag  l i ned  1 /2  ga l l on  me ta l  cans .  samp le  g r i d  l oca t i on ,  da te  and

dep th  i n fo rma t ion  was  embossed  on  an  a lum inum labe l  f i xed  to  the

cans .

F ie ld  samples were packaged in  preformed cardboard boxes and

sh ipped  to  the  Eber l i ne  I v l i dwes te rn  and  A lbuquergue  Iabo ra to r i es

fo r  p rompt  Ge(L i )  scann ing  to  p rov ide  co r re la t i on  w i t k r  f i e l d

i ns t rumen t  r ead ings .
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As  the  t rench ing  p rog ressed  i t  was  d i scove red  tha t  t he  l oca -

t i on  o f  a  t rench  o f ten  had  to  be  sh i f t ed  to  one  s ide  o r  t he  o the r

t o  f ac i l i t a t e  d i gg ing .  Th i s  sh i f t i ng  was  caused  by  t he  l a rge

number  o f  obs t ruc t i ons  found  e i t he r  be fo re  t rench ing  o r  a f te r

d i gg ing  had  begun .  P i l i ngs ,  f ounda t i ons  and  so i l  cove red  con -

c re te  pads  made  d igg ing  t r enches  ex t reme ly  d i f f i cu l t  i n  pa r t s  o f

t he  s i t e .  Loca t i ons  o f  a l l  t r enches  dug  a re  shown  i n  F igu re  B .

S im i l a r  p rob lems  occu r red  w i t h  so i l  samp l i ng  and  mon i t o r i ng

a t  p resc r i bed  dep ths .  O f t en  s i dewa l l s  we re  no t  pe rpend i cu la r

nak ing  p rec i se  dep th  l oca t i on  d i f f i cu l t .  I t  was  a l so  d i f f i cu l t

t o  co l l ec t  so i l  samp les  when  " so i l "  was  ac tua l l y  conc re te  chunks

o r  c l ay  b r i c ks .

Ho les  c rea ted  by  t he  p rev ious  c l ean -up  had  been  f i l l ed  w i t h

la rge  chunks  o f  conc re te  rubb le .  These  v re re  s imp ly  bu l l dozed

away  in  o rde r  t ha t  t rench ing  cou ld  go  th rough  tha t  a rea .

When  an  i n  s i t u  measuremen t  o f  a  spo i l  p i l e  i nd i ca ted  the

need  fo r  add i t i ona l  da ta  i n  an  a rea  where  t rench ing  spac ing  was

no t  5  m,  add i t i ona l  t renches  were  dug  5  m on  e i t he r  s ide  o f  t he

loca t i on .  I f  t he  add i t i ona l  measuremen ts  made  a t  t hese  t renches

ind i ca ted  no  fu r the r  samp l ing  then  t rench  spac ing  was  i nc reased

to  t he  o r i g i na l  i n t e r va l .  Th i s  was  done  t o  be t t e r  de f i ne  a reas

tha t  m igh t  exceed  the  gu ide l i ne  o r  be  o f  conce rn  i n  t he  fu tu re .

The depth of  a  t rench was kept  as c lose to  one meter  as

reasonab le ,  bu t  d i gg ing  w i t h  a  one  cub i c  ya rd  bucke t  mean t  1g

accu racy  was  no t  f eas ib l e .  Du r i ng  h i gh  t i de  i t  was  no t  unusua l

fo r  t he  l ower  5 -7  cm o f  t he  t renches  to  f i I I  w i th  wa te r .  How-

eve r ,  t o  ga in  add i t i ona l  know ledge  abou t  t he  rad io l og i ca l  cha raC-

te r  o f  t he  so i l ,  a  sec t i on  o f  two  t renches  was  dug  down  to

g roundwate r  l eve l ,  abou t  2  m.

A  t o ta l  o f  71  t r enches  we re  dug  rang ing  i n  l eng th  f r om 5  m

to  177  m .  The  t o ta l  l eng th  o f  t r enches  was  21218  m  o r  app rox i -

ma te l y  1 .4  m i l es .  The re  we re  328  i n  s i t u  measL l remen ts  o f  t he

spo i l  p i l es  and  1634  so i l  samp les  t aken .
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I n  S i tu  Gamga  Da ta  S ra - IYs i s  
- -

ana lys i s  was  done  on  the  to ta l

o f :

POST SURVEY AI{ALYSIS

Subsequen t  t o  the  su rvey  an

da ta  base .  The  ana lYs i s  cons i s teo

1 . Eva lua t i ng themeansands tanda rddev ia t i ono f t hecon -
cen t ra t i on  f o r  each  o f  t he  i so topes  i nves t i ga ted ' * .

Those  measuremen ts  though t  t o  rep res " t t t - -anoma l ies  i n

i i r ; " t34 i l - " " " " " " t ta t ion (greater  than l ' lDA) were not  -
used  i n  th i s  comp" ta t i on .  

-  
The  means  m igh t  be  ca l l ed '

New ' Je rsey  means .

Some o f  t he  i nd i v idua l  concen t ra t i on  va lues  f rom

ind i v i dua l  pno iopeaxs  ( f o r  a  15  m inu te  measu remen t )

*" t "  pooled to  p ioduce.Tggl  va lues wi th  smal ler  l i lDA'

Those  poo red  *e i i - l " l  234a6  (E=63 '3  and  93 '4  keV) '

?; ; " t15; ; - " "a  208r i  in=z la .o  and s83.1  kev) '  and

i ; i  214p6 (E=295.2  and 3s1.9  keV) .

Thesamepoo ledva lues f romeach l5m inu temeasu remen t
we re thencompared to the respec t i vepoo ledNewJe rsey
mean  p lus  th r l e  t imes  the  

"u * -p t .  
s tandard  dev ia t i on '  I f

t h i s  poo led  va lue  was  g rea te r  t han  th i s  quan t i t y  t hen

the  da tum *u " - i i aggea  ina  reco rded  fo r  f u r the r  s tudy  and

mapp ing .  gowev i r i '  subsu r face  da ta  we re  t r ea ted  s l i gh t l y

d i f f e ren t  nec ius " ' po "= ib l e  concen t ra t i ons  nea r  t he

qu ide l i ne  *uy  hu r r .  been  d i l u ted  by .  a  fac to r  o f  5 '  So

: i i - ) 34 i l  l J ' " . . n t ra t i ons  g rea te r  t han  the  New Je rsey

mean  p tus  two  t imes  the  samp le  s tandard  dev ia t i on  were

f  l agged .  I n  t f t i s  way  a l l  a -noma l  i es  cou ld  be  d i scove red

in  a  sys tema t i c  f ash ion .

F ina l l y  a I I  t he  f l agged  va lues
g r ids  1ZO I I IT  5  m and  subsu r f  ace
(F igu res  6 ,7  and  8 . )

2.

3 .

4 . were  maPPeo  on  the  Ke l l ex

)  f o r  i n t e rP re ta t i on .

W^  ac t i v i t y  ca l cu ra t i ons  us ing  t he  186  keV  pho topeak  we re

based  on  t he  assump t i on  23Bg  s35  i n  secu la r  equ i l i b r i um  w i t h

226pa.  No at tempt  has been made here to  separate the 226F.6

component  f rom the 235U component  in  the 1 86 keV photopeak when

2 38u i  s  not  in  equi  I  ibr  ium wi t l ' '  226pa '
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Labofatgfy  Analyg is

1 .  Gamma Spec t romet ry  -  So i I  samp les  were  we ighed  and

p laced  i n  500  cc  con ta ine rs .  These  con ta ine rs  were  p laced  on

Ge(L i )  de tec to r s  w i t h  r e l a t i ve  e f f i c i enc ies  o f  20 t  f o r  a  c -oun t

t - i .me  o f  20  m inu tes .  Th i s  coun t  t ime  gave  a  l ower  de tec t i on  l im i t

o f  2 .5  pc i / g  fo r  226p6  dnd  10  pc i / g  fo t  u ran ium.

ca l cu la t i ng  ac t i v i t y  i n  pc i / g  was  found  by  us ing  the

equa t i on :

Spec i f i c  ac t i v i t y  = s-B pci /g
WxMxExAxCF

where S

B

E

A

w
M

C F

Sample count

Background count

E f f i c i ency

Abundance

We igh t  ( g  )

Coun t  t ime  (m inu te ) ,

2 .22  dpmr /pC i ,  a  conve rs ion  f  ac to r  and

the  pe rcen t  e r ro r  i s

The  cons tan t  2 .22  dpm/pC i  i s  a  conve rs ion  fac to r  re la t i ng  dpm to

The  l owe r  l im i t  o f  de tec t i on  (LLD)  i s :

LLD =
4 .65  S  *

B pci /s
E x A x W x l l x C F

where  SB i s  s tandard  dev ia t i on  o f  backg round .

Both 226p6 and uranium were quant i f  ied by assuming therht

daugh te r s  we re  i n  secu ra r  eeu i l i b r i um  1214p5  and  214g i  
I

f o r  226p16  and  23416  fo r  u ran ium) .  !

2 .  A lpha  Spec t romet ry  -  A  samp le  wh ich  rece i ved  we t

chem is t r y  ana l ys i s  was  we ighed ,  ba l l  m i } l ed ,  and  t en  g ram

a l iquo ts  were  t rans fe r red  to  te f l on  beake rs .  Samp les  i n  t he

beakers  were  t rea ted  w i th  n i t r i c ,  hyd roch lo r i c  and  hyd ro f l uo r i c

ac lds  and  the  ac id  l each  separa ted  f rom the  res idue  by  f i l t e r i ng .

*Fo r  a  d i scuss ion  o f  t h i s  t e rm ,  r e fe r  t o  ( 3 ) "

1 / )
( s  +  g ) * ' -  100 .

S - B
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The  samp le  l each  was  taken  th rough  spec i f i c  chemis t r i es

requ i red  to  ex t rac t  t ho r ium,  u ran ium,  and  rad ium fo r  coun t i ng  i n

an  a lpha  spec t romete r .

I so top i c  ac t i v i Ly  i n  pCL /S  i s  es t ima ted  by :

where  N1  =  ne t  coun ts  o f  i so toPe

N2 =  ne t  coun ts  o f  t race r  i so toPe

B = Background count

14  =  Coun t  t ime  (m inu te )

C = pCi  Tracer  added

W =  We igh t  (A l i quo t  g )

. rnd  the  samp le  f rac t i ona l  va r i ance  i s  g i ven  by :
1+1

NN
12

The  lower  l im i t  o f  de tec t i on  i s :

4 .65  S
B

N
1xc

N W
2

LLD =

where E =

Y=

! [ =

pci /gExYx l v l xWxCF

Ef f  i  c i ency

Y ie l d  ( r ecove ry )

Coun t  t ime  (m inu te  )

3.  Radon Deemanat ion -  226ga is  ca lcu lated by radon

emana t ion  and  i s  f ound  by :

Ac t i v i t y pC i / q  =  -  - s -B  -
t ' l xCx I xDxYxW

where

Ca l i b ra t i on  f ac to r

Sample count

in  cph/pCi

Background count

Ingrowth factor  o f  22291

Decay factor of 222Pv1

Y ie Id

Coun t  t , ime  (h  )
A l i quo t  ( g  )

S =

B -

I -

D =

Y =

1 4 -

!\f =
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I n  S i t u  Da ta  - -  The

the  concen t ra t i ons

Tab le  4 .  The re  a re

tab le :

RESULTS

New Je rsey  mean  concen t ra t i ons  toge the r  w i th

measured  by  Berven  e t  a I  (2 )  a re  l i s ted  i n

seve ra l  s i gn i f i can t  i n t e rp re ta t i ons  f r om th i s

4 .

1 .  The  i n  s i t u  means  ag ree  qu i te  we l l  w i th  Be rven ' s r r r
/New 'Je rsey  Ke I l ex  means .

2 . The means do not  change f rom sur face to  subsur face -

3 .  The  2341 '5  1238u )  concen t ra t i on  i s  l a rge r  t han  t ha t

o f  226gv  wh i ch  i nd i ca tes  d i sequ i l i b r i um  be tween  238u

and 2269a.

226pa  appears  to  be  i n  equ i l i b r i um w i th  i t s  daugh-

te rs  so  radon  emana t ion  may  be  sma l l .

5 .  The exposure computed f rom these mean values on the

20  me te r  g r i d  i s  6 .8  uR /h  wh i ch  compares  we l l  w i t h

the  7  vR /h  ob ta ined  by  Berven  (2 ) .

Data in  tab les for  226Pa

pho topeak .  Th i s  ca l cu la t i on
238g  and  226gv .  Fu r the rmore ,

separate the 2269a component

$ ras  ca l cu la ted  f rom the  185  keV

assumed  secu la r  equ i l i b r i um o f

there vras no attemPt to

f rom the  235u  componen t .
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TABTE 4

llew'Jersey Ivlean Potassium, uraniun and Ttrorium concentrations

From KeIIex Data (Units in Mean + Sarple Stardard Deviation - {i/g)

Energy
Subsurface Berven*

Radionuclide 5m Grid

2.02  +  2 .0

1 .20  +  0 .6

1 .20  +  0 .6

1 .10  +  0 .4

20rn Grid

234y6

234ry1

226pa

212p6

21 3pp

214p6

20811

214si
'228ptg

2'lAei

- 4ox

53 .3

93 .4

186 .  1

238.6

295.2

351 .9

583 .1

509 .3

911 .1

1120.4

1  460 .8

2 .31

1 .76

0 .99

1 .08

1 .27

1 .21

1  . 13

1  . 18

1 .00

1 .24

8 .38

3.4

2 .2

0 .9

0 .4

o .7

0 .5

0 .5

0 .5

0 .5

0 .8

2 .O

1 .8

1 .8

1 .2

1 .1

1 .2

1 .2

1 .1

1 .2

1 .1

1 .2

2.07  !  2 .e

1 .98  +  2 .3

1 .12  +  0 .9

1 .12  +  0 .4

1 .17  +  0 .5

1 .20  +  0 .6

1 .07  +  0 .6

1 .19  +  0 .6

0 .97  +  0 .6

1 .23  +  0 .9

7 .56  +  1  .8

1 .86  +  2 .8

2 .09  +  1 .9

1 .10  +  0 .9

1 .12  +  0 .4

1 .21  +  0 .5

1 .23  +  0 .4

1 .09  +  0 "4

1 .20  1  0 .4

1 .02  +  0 .4

1 .29  +  0 .7

8 .  13  +  1 .9

2 .01  +  1 .6

I
I
+

1
I
+

!
I
!
I
+

Pooled lvleans

234y6

214p6

214pp 5,
21 4si

212p6 s
20811

63 .3

93 .4

295.2

351 .9

295.2

351 .9

609 .3

238.6

583 .1

1 .93

1 .22

t  1 .e

t  0.s

1 .20  +  0 .5

1 .09  +  0 .3

1.23  +  0 .4

1 .2 "1+  0 .4

1 .11  +  0 .4

1 .8

1.2

' t .2

1 .1

tlre others measured.*Ttre Benren results are inPlied,
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20  m  Gr i d  I n  S i t u  Resu l t s

fo l l ow ing  l oca t i ons  had  the

the  t i s t ed  rad ionuc l i des .

Rad  ionuc l  i de

- -  Fo r  t he  20  m g r id  measuremen ts  the

g rea tes t  es t ima ted  concen t ra t i on  o f

GP Locat ion Concen t ra t  i on

x (m)  y (m)  P9L /g
23416

226pt6

214p6

212p6

212p6
6  20811

6  20811

Those  20  m

f i can t l y  g rea te r

I i s t ed  i n  Tab le

40

50

100

120

100

sur face  gr id

than the New

I  o f  Append ix

80

220

40

320

20

L is ted  he re

g r id  toge the r

8.8

3 .3

2 .5

2 .1

2 .1

are the maximum concen-

w i t h  t he i r  l oca t i ons .

I oca t i ons  w i t h  concen t ra t i ons  s i gn i -
'Jersey mean for  234a6 are

C  and  p l o t t ed  i n  F i gu re  9 .

5  m  Gr i d  I n  S i t u Resu l t s

t ra t i ons  measured on the5m

Rad  ionuc l  i des

GP Locat ion Concen t ra t  i on

x (m)  y (m)  -  Pc i / g
234.16

2267a

21  4p6

212p6

212p6

20811

20811

65

50

115

120

115

&

&

170

55

325

320

105

27 .5

8 .6

2 .9

2 .2

2 .2

The  p lo t  (F i gu re  10 )  o f  t h i s  da ta  does  show  some  s t ruc tu re .

Two  o r  more  o f  t he  rad ionuc l i des  i nves t i ga ted  genera l l y  occu r

toqe the r .  The  a reas  show ing  concen t ra t i ons  s ign i f i can t l y  g rea te r

than  the  New 'Je rsey  means  a re  genera l l y  g rouped  toge the r  a long

the  x  =  40  t o  65  l i ne  and  f o r  y  va lues  f r om 80  t o  125  me te rs .
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Th is  behav io r  was  expec ted  f rom the  da ta  o f  Be rven  e t  a r  (2 )  and
i s  p robab ry  connec ted  w i t h  ope ra t i ons  a t  t he  Ke l l ex  p l an t .  see
Tab re  r r  i n  Append i x  c  f o r  r ad ionuc r i de  concen t ra t i on  o f  t hese
roca t i ons .  The  roca t i ons  p ro t ted  a re  fo r  234 ,76  on l y  bu t
e reva ted  concen t ra t i ons  o f  226pa  genera r ry  occu r red  a t  t he  same
loca t i ons '  The  226p6  concen t ra t i ons  were  assumed  to  be  a  resu l - t
o f  235u  gammas  wh ich  occu r  i n  t he  226F .2  pho topeak .  No
214p6  concen t ra t i on ,  a  daugh te r  o f  226pa ,  was  s i gn i f i can t l y
g rea te r  t han  t he  New 'Je rsey  mean  wh i ch  suppo r t s  t h i s  assump t i on .

Subsu r face  Resu l t s  - -

du r i ng  t he  subsu r face

1  i des .

Loca t i ons  o f  max imum

survey  a re  g i ven  he re

concen t ra t i ons  found

fo r  seve ra l  rad ionuc -

GP Loca t  i on Concen t ra t  i on
Rad ionuc l  i de
23416

226pa

226p;-

21  4p6

212p6  6  20811

x (m (m I

21  . 8

5 .4

5 .3

2 .4

2 .0

35

45

35

80

1s0

90

55

90

55

108

The  t renched  so i l  shows  anoma lous  concen t ra t i ons  o f  234 ,76  and
226ga  in  the  reg ion  x  =  40  to  65  m and  y  =  85  to  110  m as  does
the  su r face  da ta  and  Lh i s  i s  p robabry  re ra ted  to  the  gaseous  d i f _
fus i on  ope ra t i ons .  L i s t ed  i n  Tab re  r r r  i n  Append i x  c  a re  t he
rad ionuc l i de  concen t ra t i ons  a t  t he  roca t i ons  i n  F i gu re  1  1  wh i ch
show resu l t s  above  t he  dec i s i on  va lue  (>5  pc i / g  2347y r1 .
Aga in ,  on ry  234 ' y6  l oca t i ons  a re  p lo t ted  s ince  the  l oca t i ons  o f
s ign i f i can t  226ga  concen t ra t i ons  i n  t he  tab re  c rc r respond  to23416  1  238u1  .
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The  max imum 234aY  concen t ra t i on  was  f ound  a t  Gp  (35 r90 ) .

The  sou rce  o f  t h i s  rnoma ly  was  subseguen t l y  l oca ted  by  the  F IDLER

techn ique  a t  t he  GP  (33189 ) .  Th i s  pos i t i on  was  con f i rmed  by  t he

in  s i t u  measuremen t  sys tem w i th  the  de tec to r  rowered  to  .5  m

above the ground.  The act iv i ty  appeared to  occupy an area of

abou t  . 3 - . 6  m  i n  d i ame te r .  The  dep th  o f  t he  ac t i v i t y  i s  unknown .

Th is  a rea  was  no t  i n  a  t rench ,  bu t  ra the r  bes ide  the  t rench

and  res ides  i n  und is tu rbed  g round  under  the  fo rmer  fence  l i ne

wh ich  had  been  pushed  away  i n  o rde r  t o  d ig  the  t rench .  The

t rac to r  i n  sp read ing  the  spo i l  p i l e  f o r  t he  i n  s i t u  measuremen t ,

moved  some o f  t h i s  ac t i v i t y  ac ross  the  5  m w ide  f l a t t ened  spo i l
p i l e .

The  spo i l  p i l e  i nc lud ing  the  s t reak  o f  ac t i v i t y  was  shoved

by  the  t rac to r  back  i n to  the  t rench .  A  f i na l  i n  s i t u  measuremen t

at  GP (  35-90 )  showed a va lue of  20 pc i /g  of  234 'yy1 and 1 1
pc i /g  o f  225p6 .  Ne i the r  t he  214p6  concen t ra t i on  no r  t he
212p6  and  20811  were  g rea te r  t han  the  New 'Je rsey  means  so

the  ac t i v i t y  measured  was  p robab ly  due  to  234a6  (and  238U1

and  235U  on l y .  Tha t  i s ,  t he  185  keV  ga rnma  f r om 235U caused
r . :he 226pa anomaly s ince 214p6 shows no unusual  act iv i ty .
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Eber l i ne  F ie ld  and  So i I  Samp l ing  Resu l t s  I ns t rumen t  scans  were

used  as  a  me thod  o f  compar ing  re la t i ve  rad ia t i on  l eve l s  o f  t r ench

s idewa l l s  bu t  no t  as  an  abso lu te  ca l i b ra ted  readou t  o f

con tamina t i on  i n  s i t u .  Geomet ry  fac to rs ,  i ns t rumen t  response t

gamma ray  abundance  and  so i l  a t t enua t i on  p rec lude  quan t i t a t i ve  o r

qua l i t a t i ve  i n  s i t u  measu remen ts  w i t h  f u l t  i n s t r umen ta t i on .

F ie ld  i ns t rumen t  and  so i l  backg round  was  es tab l i shed  us ing

the  t r ench  a t  GP  (300 ,15 )  t h rough  GP  (300132 )  wh i ch  was  away  f r om

suspec ted  con tamina ted  a reas .  The  fo l l ow ing  i ns t rumen t  read ings

were  obse rved  i n  the  backg round  t rench .

Locat  ion Depth HP-2  1  0 F I D L E R SPA-3

GP (x, ,y)  cm cp$- cPS uRLlr

( 300 ,15 )

(300 ,25)

( 300 ,32 )

5

15

25

45

75

5

15

25

45

75

5

15

25

45

75

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

1900

2100

2500

2600

3000

1 300

1  300

1  100

1400

1300

1 800

1  700

1900

2000

2 300

9

9

10

13

13

6

6

7

7

I

8

I

8

10

10

Ar i t hmet i c  mean

Samp1e  S tanda rd  Dev ia t i on *

I  J ta -  *)2 /n- i l1/2
i =1

100 1  880

553

8 .8

2 .1

*Samp Ie  s tanda rd  dev ia t i on  =
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Ana lys i s  o f  so i l  samPles

I i s t ed  be low :

f rom these  t rench  l oca t i ons  a re

Concen t ra t  i on

Scan

(pc i /e  )
Wet  Chemis t rRad  ionuc l  i de ce(L i

.34  +  .12

< .05

0 .4  1 .13
1 .3  J .3
0 .7  +  .23

1 .3  +  .3

<10

<2.5

<2 .5

<15

f o r  g ross  i ns t rumen t  read ings  co r respond ing  to  l eve Is

20  pC i / gm 238U we re  es t ima ted  t o  be :  500 -700

HP-2102 ,  20 -25  uR /h r  f o r  t he  SPA-3  and  6000 -7000

F IDLER.

da i l y  i ns t rumen t  response  read ings ,  a  va lue  o f

used for  background.

234v

235U

2 3BU

228y6

2 3015

23216

2 3415

226sa

21  4p6

21As i

4ox

The  va lues  a t  wh ich  "b ias "  samp les  wou ld  be  taken  was  se t  a t

t he  f o l l ow ing  i ns t r umen t  l eve l s :

(Backg round  +  3  s i gma)  x  1308

HP-210  (2001  +  69 )  x  1 .3  =  350  cpm

FIDLER (1880  +  1600 )  x  1 .3  =  4500  cpm

SPA-3  (9  +  7 \  x  1 .3  =  21  v t / h r

Va Iues

g rea te r  t han

cpm for the

cpm for the

lBased  upon

209 cpm vtas

2 fhe  HP-210  i s  a  pancake  G l ' l  de tec to r  wh ich  i s  re la t i ve l y

insens i t i ve  to  gamma pho tons  aS  compared  to  be ta  pa r t i c l es .

S ince  beLa  pa r t i c l es  o f  A .29  l v l eV  max imum w i l l  pene t ra te  on l y

few  m i l l ime te r s  o f  so i l ,  + -he  HP-210  i s  on l y  su i t ab le  f o r

de tec t i on  o f  su r f ace  con tam ina t i on .
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Bias  samp les  were  taken  f rom the  fo l l ow ing  l oca t i ons  tha t

had  h igh  read ings  o :  l r re re  h ighe r  t han  ad jacen t  samp led  g r i d

po in t s .

GP  (35 ,  90 )  -  Ho t  spo t  on  su r f ace  nea r  GP  (35190 )

cP  (651175 )  -  Conc re te  pad  ho t  spo t

GP  (135 ,110 )  >  20  pR /h r  SPA-3 ,  6000  cpm F IDLER

G P  (  1 5 0 ,  1 0 9  )  
t r  r r  r r  r r

GP (160 ,159 )  -  20  pR /h r ,  h i ghe r  F IDLER ad jacen t  a rea

GP (1601327 )  45  cm dep th  was  h i ghe r  t han  ad jacen t  a rea .

GP  (220 ,  45  )  -  H ighe r  t han  ad jacen t  a rea

Three  a reas  found  by  the  i ns t rumen ts  to  exceed  the  gu ide l i ne

were  a l so  con f i rmed  by  l abo ra to ry  resu l t s .

GP  (35 ,90 )  I so l a ted  ho t  spo t  t ha t  was  f ound  by  i n  s i t u  sys tem

af ter  the backhoe had opened up t rench.  The maximum

concen t ra t i on  by  chemis t r y  was  234u  260  +  30  pc i / g

d ry ,  235U  7  +  . 9  pc i / g  d r y ,  238U  250  +  30

pc i /g  d ry .  Approx ima te  vo lume es t ima ted  to  be  l ess

than one cubic  foot  before the t ractor  spread i t  out

f o r  i n  s i t u  scan .

GP  (551110 )  A  sma l l  i so l a ted  ho t  spo t  t hough t  t o  be  l ess  t han  one

f t3 that  $ras found by an inst rument  on the

su r face .  The  max imum concen t ra t i on  by  chemis t r y  was
234u  330  +  90  pc i  d r y ,  235u  14  +  4  pc i  d r y ,
238U 3ZO +  90  pg i  d ry ,  2301 '6  ,  232 ,y6  were

less  t han  2  +  0 .5  p3 i / g  d r y .

GP  (65 r175 )  The  a rea  cons i s ted  o f  b rown  ma te r i a l  on  su r f ace  o f

o ld  conc re te  pad .  l 4ax imum concen t ra t i on  by

chemis t r y  v ras  234 :u  110  +  10  pc i / g  d ry .  No
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23015  o r  232a6  da ta  a re  ava i l ab le .  The

es t i na ted  a rea  o f  con tam ina t i on  was  6 .1  me te rs

square  by  0 .6  cm deep  on  the  c .onc re te  su r f  ace .

Samp les  taken  under  the  s lab  were  h ighe r  t han  o the r

a reas  bu t  l ess  t han  S  pc i / g  o f  23416 .

Loca t i ons  a re  l i s ted  i n  Append ix  C  Tab le  IV  where  we t  chemis t r y

was  done  to  ve r i f y  h ighe r  read ing  va lues  and  fo r  backg round  da ta .

The  fo l l ow ing
' ra lues for  234ay-1,

co r responded .

Locat  ion

GP ( x , y )  ( cm)

l oca t i ons  we re  f ound  t o  have  h i gh  Ge (L i )  s can

bu t  d id  no t  have  i ns t rumen t  read ings  tha t

Depth 23  416

pci /s  (wet  )

( 60 ,110 )

(60 ,115 )

(60 ,115 )

(60 ,100 )

(  60 ,  100  )
(  60 ,  100  )
( 60 ,100 )

(45 ,100 )

The  above  l oca t i ons

0

5

15

5

15

25

45

5

are  p lo t ted in  F igu re  12 .

or sampled had

tha t  i nd i ca ted

32

14

11

38

49

63

15

18

3

6

6

10

10

13

I

2

t
+

I
J
I
+

I
+

No other  locat ion surveyed

read ings  o r  Ge (L i )  s can  va lues
exceed ing  ou r  gu ide l i ne .

i  ns t rumen t

so i l  con tamina t i on
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CONCLUSIONS AND DISCUSSION

Furys :v_Coverage  3 - t  Ke l tex  - -  The  en t i re  Ke I Iex  s i t e  su r face  o f

abou t  6 .2  hec ta res  (15 .2  ac res )  was  su rveyed  on  a  20  me te r  g r i d

pa t te rn  w i th  the  i n  s i t u  measuremen t  sys tem.  Because  the  f i e ld

o f  v i ew  o f  t he  IG  de tec to r  i s  c i r cu la r ,  I ess  t han  1 t  o f  t he

su r face  a rea  was  no t  su rveyed .  Suspec ted  anoma lous  a reas  were

su rveyed  on  a  5  me te r  g r i d  t o  de f i ne  more  p rec i se l y  t he  spa t i a l

ex ten t  o f  any  anoma l ies .  The  subsu r face  su rvey  i nc luded  a  to ta l

o f  2128  m o f  t rench ing  1  m deep  and  1  60  m w ide  was  dug  wh ich

represents about  5t  o f  to ta l  vo lume of  so i l  to  a 1 m depth at  the

Ke l l ex  s i t e .  Fu r the rmore ,  many  underg round  bu i l d ing  and  s to rm

dra in  I i nes  were  su rveyed  and  samp led .

Sur face  - -  Fo r  t he  na tu ra l  ganma emi t t i ng  nuc l i des ,  t he  genera l

cha rac te r  o f  t he  Ke l l ex  s i t e  i s  t he  Same aS  the  genera l  cha rac te r

o f  New 'Je rsey  so i l .  The  i n  s i t u  sys tem i nd i ca ted  one  pa radox '

t ha t  238U and  daugh te r  23415  a re  somewha t  l a rge r  t han  expec ted

compared to  225ga and i ts  daughters.  Table 4 summar izes the

inean  l eve Is  measured .

The  anoma lous  su r face  a reas  a t  Ke l l ex  a re  l abe led  i n  de ta i l

i n  F igu res  5  and  7  an< l  i n  Tab les  I  and  I I  i n  Append ix  c .  The

rad ionuc l  i de  234 '16  (  t he  immed ia te  daugh te r  o f  238U)  showed

the  g rea tes t  dev ia t i on  f rom the  New Je rsey  mean .  I t s  p resence

ex i s t s  on  the  no r thwes te rn  s ide  o f  t he  s i t e  by  Droye r  s t ree t .

Assoc ia ted  w i th  the  234a6  anoma l ies  a re  genera l l - y  226Ra  and

232'7y1 daughter  anomal ies in  the same genera l  area.  The mean value

o f  23416  i n  t h i s  a rea  i s  abou t  10  p } i / g  ( see  Append i x  C ,  Tab le  I I ) '

whe reas  the  226pa  i s  l ess  than  2  p ] i / g  as  i n fe r red  f rom 214p6

and  the  232a6  i s  a l so  l ess  than  2  pc i / g .
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From the  su r face  su rvey  da ta  the re  was  on l y  one  sma l l  a rea ,

Ioca ted  on  a  conc re te  Pad ,  wh ich  sugges ted  tha t  t he  gu ide l i ne  may

be  exceeded .  The  max imum va lue  fo r  23416  fo r  t h i s  a rea  was

32  pCL /g  a r  GP  (65 ,170 ) .  A t  GP  (55 ' 170 )  a  r ead ing  o f  26  pg i / g

(poo led  234a6  peaks )  was  found  bu t  t he  o the r  i n  s i t u  measure -

ments taken nearby were less than 12 pc i /g  234 '16 '  A smal l

sec t i on  o f  t he  pad  a t  GP (  65  r  1  75  )  was  removed  and  so i l  samp les

were  taken  f rom under  the  conc re te .  The  resu l t s  o f  ana lys i s  on

these  samp les  i nd i ca ted  ac t i v i t y  above  backg round  bu t  l ess ' t han  I

pc i / g  o f  23416 .

The  su r face  su rvey  toge the r  w i th  the  t renched  so i l  su rvey

assu res  tha t  t he  gu ide l i ne  fo r  2389  i s  me t  f o r  t he  top  20  cm

of  so i l .  The  su r face  su rvey  a lone  shows  tha t  t he  f i r s t  10  c rn  o f

so i l  a re  ress  than  40  pc i / g  238u '  The  i n  s i t u  measuremen t

sys tem fo r  t he  subsu r face  (d i scussed  i n  the  fo l l ow ing  pa rag raphs )

d i scove red  no  20  cm laye r  con ta in ing  g rea te r  t han  40  p9 i /g  o f

2  38g .

subsu r face  - -  The  subsu r face  da ta  co l l ec ted  by  the  i n  s i t u

measuremen t  sys tem requ i res  more  i n te rp re ta t i on .  S ince  the

sp read  spo i l s  p i l e  came f rom a  me te r  deep  t rench ,  and  gu ide l i ne

dea l t  w i t h  a  20  cm i n te r va l ,  a  5 :1  d i l u t i on  f ac to r  cou ld  r esu l t

f rom the  sPread ing .

rn  a reas  where  t rench  spac ing  was  5  m no  g roup  o f  16  means

(wh ich  wou ld  be  equ iva len t  t o  400  *2  )  i n  t he  suspec t  a reas  '

when  mu l t i p l i ed  by  the  d i l u t i on  fac to r  o f  5 '  i s  as  l a rge  as  40

pc i / g .

O the r  a reas  o f  t he  Ke l l ex  subsu r face ,  measured  f rom t renches

spaced  20  m apar t  whose  spo i l  p i l es  were  su rveyed  a t  10  m in te r -

va l s ,  wou ld  have  to  show fou r  ne ighbor ing  measuremen ts  whose

234,y6 $rere greater  than the New 
'Jersey mean to be wor thy of ,

f u r the r  i nves t i ga t i on  o f  t . he  40  pcL /g  gu ide l i ne .  No  such  se ts

ex  i s t .
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-  The  so i l  samp le  resu l t s  showed  two  a reas  on  the  s i t e  w i th

rad ionuc l i de  concen t ra t i on  s i gn i f i can t l y  g rea te r  t han  o the r

. -  a reas .  These  two  a reas  a re  essen t i a l l y  t he  same ones  de l i nea ted

bY the  i n  s i t u  measuremen t  sys tem '

One  a rea  i s  on  t he  conc re te  pad  nea r  GP  (65 ' 175 ) .  Th i s  pad

was  the  l oca t i on  o f  t he  l abo ra to ry  bu i l d ing  o f  t he  Ke l l ex

Research  Fac i l i t y  so  h ighe r  concen t ra t i ons  l r t e re  no t  unexpec ted '

The  o the r  a rea  i s  a round  GP  (60 r110 )  and  (35 ' 90 ) .  So i l  samp les

here  were  taken  nea r  seve ra l  o f  t he  i so la ted  "ho t  spo ts "  t ha t  had

rece ived  remed ia l  ac t i on  p rev ious  to  th i s  su rvey .

A l though  sma l l  quan t i t i es  o f  con tamina ted  ma te r ia l  we re

found  by  the  so i l  sampte  ana lyses  and  i n  s i t u  measuremen t  sys tem '

the re  was  no t  su f f i c i en t  vo lume to  exceed  the  gu ide l i ne  ove r  a

pa r t i cu l a r  400  m2  a rea .
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Cu_rren- t  Feder j r l  SoI icy gnd 99idance
The  cu r ren t  gu idance  fo r  Federa l  dec i s ions  a f fec t i ng  the

exposu re  o f  members  o f  t he  pub l i c  i n  t he  u .s .  rema ins  tha t  recom-

rnended  by  the  Federa l  Rad ia t i on  Counc i l  (FRC)  and  i ssued  by  the

p res iden t  i n  1960 .  Th i s  gu idance  de f i nes  t he  Rad ia t i on  P ro tec -

t i on  Gu ide  as  " the  rad ia t i on  dose  wh ich  shou ld  no t  be  exceeded

w i thou t  ca re fu l  cons ide ra t i on  o f  reasons  fo t  do ing  so i  eve ry

e f fo r t  shou ld  be  made  to  encourage  the  ma in tenance  o f  rad ia t i on

dose  as  f a r  be low  th i s  gu ide  as  p rac t i cab le . "

Fo r  members  o f  t he  pub l i c  t he  FRc  gu idance  i s :  " .  i t  i s

ou r  bas i c  reconmenda t ion  tha t  t he  yea r l y  rad ia t i on  exposu re  to

the  who le  body  o f  i nd i v idua ls  i n  t he  genera l  popu la t i on  (exc lu -

s i ve  o f  na tu ra l  backg round  and  the  de l i be ra te  exposu res  o f

pa t i en t s  by  p rac t i t i one rs  o f  t he  hea l i ng  a r t s )  shou ld  no t  exceed

0 .5  rem. "  I n  a  pa rag raph  pa r t i cu l a r l y  su i t ed  t o  ou r  p rob lem '  t he

FRC s ta tes  , 'Under  ce r ta in  cond i t i ons ,  such  as  w idesp read  con tami -

na t i on  o f  t he  env i ronmen t ,  t he  on l y  da ta  ava i l ab le  may  be  re la ted

to  ave rage  con tamina t i on  o r  exposu re  l eve l s .  Under  these  c i r cum-

s tances ,  i t  i s  necessa ry  to  make  assumpt ions  conce rn ing  the  re la -

t i onsh ip  be tween  ave rage  and  max imum doses .  The  Federa l  Rad ia -

t i on  Counc i l  sugges ts  the  use  o f  t he  a rb i t ra ry  assumpt ion  tha t

the  ma jo r i t y  o f  i nd i v idua ls  do  no t  va ry  f rom the  ave rage  by  a

fac to r  g rea te r  t han  th ree .  Thus  r  w€  recommend  the  use  o f  0 .  1  7

rem fo r  yea r l y  who le -body  exposu re  o f  ave rage  popu la t i on  g roups . | '

There is  urg ing of  the use of  reason and judgement  and an admoni-

t i on  tha t  t he  ave rage  f i gu re  shou ld  be  app l i ed  on l y  when  the re  i s

a  p robab i l i t y  o f  app rec iab le  homogene i t y  conce rn ing  the  d i s t r i bu -

t i on  o f  dose  w i th in  the  popu la t i on  cons ide red  i n  the  ave rage .

These  numbers  a re  fo r  who le -body  dose  and  g i ve  l i t t l e  gu id -

ance  fo r  i n te rna l  o rgans .  However ,  i n  apP ly ing  these  gu ides ,  t he

FRC used  1 .5  rem/y  fo r  t he  thy ro id  and  0 .5  rem/y  fo t  bone  mar row.

For  bone  they  g i ve  an  a l t e rna te  gu ide  o f  0 .003  C i  f o r  226 r .6

in  the  adu l t  ske le ton ,  t ha t  co r responds  to  abou t  1  rem/y .  f n  t he
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de r i va t i on  o f  l im i t s  f o r  DaD 0 .5  t em/y  has  been  used  t o  app l y  t o

any  o rgan  a l t hough  cne  cou ld  a rgue  tha t  a  l im i t  o f  1  '  5  rems /y  was

in tended  fo r  o rgans  such  as  bone  o r  l ung '

The  FRC was  abo l i shed  when  t he  U .S .  Env i r onmen ta l  P ro tec t i on

Agency  (EPA)  was  c rea ted  and  t he  respons ib i l i t i e s  we re  assumed  by

the  EPA.  The  gu idance  deve loped  by  the  FRC i s  s t i l l  app l i cab le

a l though  the  EPA has  p roposed  much  more  res t r i c t i ve  gu idance  fo r

spec i f i c  s i t ua t i ons  based  upon  wha t  i s  cons ide red  by  them as

techn i ca l l y  and  economica l l y  p rac t i cab le  f o r  t he  s i t ua t i on '  The

p roposed  d r i nk i ng  wa te r  l im i t s  and  t r ansu ran i cs  i n  so i l  I im i t s '

as  we l l  as  t he  bas i s  f o r  u ran ium Fue l  Cyc le  S tanda rd r  cons ide r

the  cos ts  o f  imp lemen ta t i on  compared  to  the  bene f i t s  de r i ved  f rom

Lhe  use  o f  t he  s tandard .  The  dose  equ iva len t  l im i t s  p roposed  o r

recommended  fo r  t hese  Spec i f i c  sou rces  o f  exposu re  a re  i nc luded

in  Tab le  1 .

Recen t  ICRP Gu idance

The  I n te rna t i ona l  commiss ion  on  Rad io l og i ca l  P ro tec t i on

( ICRP)  recen t l y  pub l i shed  rev i sed  gu idance  i n  ICRP Pub t i ca t i on

26 ,  , ,Recommenda t i ons  o f  t he  I n te rna t i ona l  Commiss ion  on  Rad io l og -

i ca l  p ro tec t i on . "  Fo r  i nd i v i dua l  members  o f  t he  pub l i c ,  t hey

recommend  a  t im i t  o f  500  mre rn  to  the  who le  body  o r  t he  egu iva len t

r i s k  i f  t he  dose  i s  d i s t r i bu ted  non -un i f o r rn l y .  They  recogn i zed

tha t  t h i s  I im i t  when  app l i ed  t o  an  i nd i v i dua l  no rma l l y  r esu l t s  i n

an  ave rage  annua l  dose  equ iva len t  t o  t he  popu la t i on  o f  l ess  than

100  mrem o r  an  i nd i v i dua l  r i s k  i n  t he  range  o f  10 -6  1O-5

pe r  yea r .  The  ] im i t  o f  500  mrem i s  a l so  cons ide red  adequa te  t o

assu re  tha t  no  one  o r  g roup  o f  i nd i v idua ls  w i I I  be  expec ted  to

bea r  an  undue  po r t i on  o f  t he  hea l t h  r e l a ted  cos t .  The  ICRP goes

on  to  fu r the r  s ta te  tha t  any  manmade  con t r i bu t i on  to  the  rad ia -

t i on  exposu re  o f  a  popu la t i on  mus t  be  j us t i f i ed  by  i t s  bene f i t s '
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TABLE 1 - ENVIRONI,IENTAL STANDARDS

Genera l  Env i ronmen ta l  S tandards

Orqan i za t i on Annua l  L im i t Comments

FRC-EPA 500 mrem whole body '  bone marrow

FRC-EPA 170 mrem whole bodyt  bone marrow

( exposure to  average

poPu la t i on  g rouPs  )

ICRP 500 mrern whole body or  equiva lent

r i sk  f rom o rgan  doses

Spec i f  i c  Env i ronmen ta l  S tandards

EPA Fue l  Cyc le  S tandard  75  mrem thy ro id

(E f f ec t i ve  December  19801  25  mrem who le  body  o r  o the r

o rgan  (Rn  and  daugh te rs

exc luded  )

EpA Dr ink ing water  s tandard 4 mrem/y manmade beta-gamma

emi t t i ng  rad ioac t i v tY

5 pci/I 226r.2 or 228Pa

15  pC i /L  g ross  a lPha  measuremen ts

EPA Proposed  Gu idance  fo r  1  mrad*  Iung

Transu ran ics  3  mrad* *  bone

*Th is  i s  equ iva len t  t o  app rox ima te l y  20  mrem

**Th i s  i s  equ i va len t  t o  app rox ima te l y  150  mrem
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For  exposu re  to  rad ia t i on  such  tha t  t he  o rgans  rece i ve

d i f f e ren t  doses ,  t he  ICRP recommends  tha t  t he  "dose  l im i ta t i on  be

based  on  the  p r i nc ip le  tha t  t he  r i sk  shou ld  be  egua l  whe the r  t he

who le  body  i s  i r rad ia ted  un i fo rm ly  o r  whe the r  t he re  i s

non -un i fo rm i r rad ia t i on . "  Th i s  i s  ach ieved  by  c rcnve r t i ng  the

par t i a l  body  dose  equ iva len ts  to  who le  body  dose  equ iva len ts  by

mu l t i p l y i ng  the  o rgan  dose  equ iva len ts  by  we igh t i ng  fac to rs  (w t )

tha t  exp ress  compara t i ve  r i sk  fac to rs r  pEov ided  i n  Tab le  2 ,  f o r

each organ,  and compar ing the sum wi th the whole-body dose

equ i va len t  l im i t .

TABLE 2 - ORGAN WEIGHTING FACTORS USED BY THE ICRP IN

RELATING ORGAI{ DOSES 'IO WHOLE BODY DOSE

T i  ssue

Gonads

Breas t

Red Bone lvlarrow

Lung

Bone  Sur faces

Remai  nder

0 .25

0 .  15

0 .12

0 .12

0 .03

0 .  30
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Rat i ona le  f o r  C leanuP  L imr l e -e l g S a 1 n I " le thodoIo

f o r  So i l s  a t  t he  Ke i - l ex  S i t e

In  p ropos ing  l im i t s  f o r  so i l  con tam i t r a t i on ,  i t  i s  impo r tan t

t o  i den t i f y  t he  p r i nc i pa l  pa thways  o f  r ad ia t i on  exposu re  t o  man

and  p rov ide  so i l  l im i t s  and  measuremen t  me thodo log ies  wh ich  a re

app rop r i a te  f o r  I im i t i ng  exposu re  v i a  t hose  pa r t i cu l a r  pa thways '

The  mos t  r ecen t  ana l ys i s  o f  t he  haza rds  assoc ia ted  w i t h  so i l s

con ta rn i na ted  w i t h  u ran ium has  been  done  by  J .w .  Hea l y '  J .C .

Rodge rs ,  and  C .L .  W ienke ,  " I n te r im  So i I  L im i t s  f o r  D&D P ro jec t s " r

q r3$ .  LA -UR-79 -1865 -Rev .  (Sep tember  1979 )  .  I n  t he i r  ana l ys i s

t . hey  es t ima ted ,  on  a  conse rva t i ve  bas i s ,  t he  so i l  con tam ina t i on

le r , r e l s  necessa ry  t o  de l i ve r  a  dose  equ i va len t  o f  500  mrem/y  t o

the  o rgan  rece i v i ng  t he  h i ghes t  annua l  dose  o f  t he  max imum

exposed  i nd i v i { ua l .  The i r  ana l ys i s  demons t ra tes  t ha t  t he  s i gn i -

f i can t  pa thway  t o  I nan  i s  f r om i nges t i on .  S ince  su r f ace  wa te rs

a re  no t  consumed ,  a  home ga rdener  l i v i ng  on  the  s i t e  a l l  o f  h i s

l i f e  who  g rew  a l l  o f  t he  f r u i t  and  vege tab les  wh i ch  he  a te  wou ld

be  cons ide red  t he  mos t  seve re l y  exposed  i nd i v i dua l .  Fo r  t h i s

ex t reme  s i t ua t i on ,  t he  s tudy  p red i c t s  t ha t  a  ga rden  w i t h  an

ave rage  concen t ra t i on  o f  1  B  pc i / g  o f  238U wou ld  p roduce  a

bone  dose  equ i va len t  o f  l ess  t han  500  mrem, / y .  I n  t he  ana l ys i s ,

t he  e f  f ec t s  o f  234 ' J  we re  i nc l uded  w i t h  t he  23BU s i nce

they  a re  no rma l l y  i n  secu la r  equ i l i b r i um ,  i . e . ,  t he  d i s i n teg ra -

t i on  ra tes  pe r  so i l  mass  a re  egua l  f o r  234u  and  2389 '

The  nex t  mos t  res t r i c t i ve  pa thway  was  shown  to  be  i nha la t i on

whe re  con t i nuous  occupancY  o f  a  l a rge  s i t e  hav ing  a  so i l  concen -

t r a t i on  o f  750  pc i / q  o f  23BU wou ld  co r respond  t o  a  max imum

lung  dose  o f  l ess  t han  500  mrem.

The  1  B  pc i / g  l im i t  f o r  23Bg  i s  based  upon  a  ve ry  conse r -

va t i ve  es t ima te  o f  a  quan t i t y  t ha t  t eads  t o  a  dose  o f  500  mrem/

yea r  t . o  t he  h ighes t  o rgan  a t  any  t i r ne  du r ing  the  l i f e t ime  o f  an

ind i v i dua t  who  has  t he  h i ghes t  i n t ake  o f  u ran ium f r om the  con tam-

ina ted  a rea .  Because  t he  i nha la t i on  i s  a  m ino r  p rob lem compared

to  i nges t i on  o f  f oods  f r om the  a rea ,  t he  l ung  i s  on l y  s t i gh t l y
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i n vo l ved  and  t he  bone -su r f ace  becomes  t he  c r i t i ca l  o rgan '  I f  we

cons ide r  on l y  t he  bone  as  i r r ad ia ted ,  t he  new  ICRP fo rmu la t i on

wou ld  i nd i ca te  t ha t  t h i s  wou ld  be  equ i va len t  t o  a  who le -body  dose

o f  1  5  mrem/y .  However ,  because  o the r  o rgans  such  aS  k idney  and

I i ve r  a re  undoub ted l y  i r r ad ia ted  a I so ,  a  more  rea l i s t i c  va lue  i s

on  t -he  o rde r  o f  20 -50  mrem/Y-

s i nce  t he  pa thway  ana l ys i s  demons t ra tes  t ha t  home  ga rden ing

i s  by  fa r  t he  mos t  s ign i f i can t  conce rn  when  us ing  l and  con tami -

na ted  w i t h  u ran ium,  t he  so i l  samp l i ng  me thodo logy  and  l im i t s  a re

be ing  se lec ted  acco rd inq l y .  Garden  c ropF  no rma l l y  ex t rac t  mosL

o f  t he i r  nu t r i en ts  f rom the  uppermos t  20  cm o f  so i l  so  tha t  samp-

I i ng  mus t  assu re  t ha t  a  ga rden  capab le  o f  p roduc ing  a  s i gn i f i can t

f r ac t i on  o f  a  pe rson ' s  vege tab les  w i l l  no t  have  an  ave rage  con -

tam: .na t i on  l eve l  i n  t he  top  20  cm o f  so i l  s rea te r  t han  the  p ro -

posed  l im i t .  The  s i ze  o f  a  ga rden  p l o t  wh i ch  cou ld  supp l y  t h i s

q r ran t i t y  o f  f ood  i s  assumed ,  f< l r  pu rposes  o f  t he  c leanup ,  t o  be

400  Squa re  me te rs .  Th i s  s i ze  i s  based  upon  an  es t ima te  p rov ided

by  pe rsonne t  a t  t he  u . s .  Depa r tmen t  o f  Ag r i cu l t u re .  D r .  Ray

Webb  o f  t ha t  Depa r tmen t  s t a ted  t ha t  a  f e r t i l e  ga rden  o f  1 /4  ac res

(1 ,000  m2)  cou ld  supp l y  a l I  t he  vege tab les  f o r  a  f am i l y  o f

f ou r .  A t l ow ing  an  add i t i ona l  50  m2  fo r  each  o f  seve ra l  f r u i t

t r ees  and  assuming  on l y  one  pe rson  pe r  househo ld ,  t he  m in imum

s ize  o f  conce rn  wou ld  be  app rox ima te l y  400  m2 '

The  Ke l1ex  s i t e  (P ie rpo in t  P rope r t y )  i s  no t  su i t ab le  f o r

hcme  ga rden ing  o r  o the r  ag r i cu l t u ra l  uses  a t  p resen t .  The  s i t e

has  been  used  t o  depos i t  was te  so i l s ,  c i nde rs ,  and  o the r  r ubb le

fo r  many  yea rs .  These  ma te r ia t s  wou ld  have  to  be  removed  o r  re -

p l aced  w i t h  I no re  f e r t i l e  t op  so i l  be fo re  a  l a rge  f r ac t i on  o f  a

man ' s  d i e t  cou ld  be  g rown  on  a  400  m2  p lo t .  The  e f f ec t  o f

b r i ng ing  i n  t op  so i l  wou ld  be  t o  r educe  t he  con tam ina t i on  i n  t he

roo t  zone  ro  a  sma l I  f r ac t i on  o f  t he  i n i t i a l  concen t ra t i on .  Th i s

d i l u t i on  f ac to r  shou ld  be  cons ide red  when  es tab l i sh i ng  a  max imun

a l i owab le  I im i t  f o r  t h i s  s i t e  as  desc r i bed  be low .  One  m igh t

a rgue  tha t  t he  p lo t  s i ze  cou ld  be  en la rged  and  thus  the  mos t
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conse rva t i ve  l im i t  shou ld  be  re ta i ned .  We  be l i eve  t ha t  en la rg i ng

the  ga rden  p lo t  s i ze  i n  t h i s  case  wou ld  a l so  reduce  the  ave rage

uran ium concen t ra t i on  ,  f o t  t he  con tm ina t i on  has  been  found  i n

sma l t  i so la ted  a reas  and  en la rg ing  the  a rea  wou ld  have  a  ne t

resu l t  o f  l ower ing  the  ave rage  u ran ium concen t ra t i n .  A f te r  scn -

s ide r ing  the  phys i ca l  p rope r t i es  o f  t he  l and r  and  the  un l i ke l i -

hood  tha t  a  fam i l y  wou ld  des i re  to  ea t  on l y  f ru i t s  and  vege tab les

g rown  on  tha t  p lo t r  w€  es t ima te  tha t  a  res idua l  l im i t  o f  40  pc i / g

o f  238U  ( ra the r  t han  18  pc i / g )  ave raged  ove r  400  m2  wou ld

correspond to less than 500 mrem/y to  the bone of  the maximum

exposed  i nd i v i dua l .  Th i s  s i t e  spec i f i c  ad jus tmen t  f ac to r  o f

app rox ima te ty  2  i s  s t i I I  cons ide red  ve ry  conse rva t i ve .

Th roughou t  t he  c leanup ,  t he  p r i nc ip le  o f  As  Low As  Reason-

ab ly  Ach ievab le  (ALARA)  w i l l  be  app l i ed .  The  deg ree  and  cos ts  o f

decon tamina t i on  depend  to  a  g rea t  ex ten t  upon  the  ab i l i t y  t o  de -

t ee t  t he  con tam inan t  w i t h  f i e l d  i ns t r umen ts .  I t  i s  no rma l l y

imprac t i ca l  t o  assu re  tha t  decon tamina t i on  to  l eve l s  be low  the

de tec t i on  l im i t  o f  t he  f i e l d  i ns t r umen ts  w i l l  be  ach ieved -  The

p rac t i ca l  de tec t i on  t im i t  f o r  p resen t l y  ava i l ab le  f i e l d  i ns t r u -

men ts  i s  abou t  20  pc t /g  fo r  u ran ium-238 .  The re fo re ,  so i l s  samp-

led and found to exceed 20 pc i /g  wi l l  be removed f rom the top 20

cm laye r  du r ing  remed ia l  ac t i on .  S ince  the  con tamina t i on  on  th i s

s i t e  i s  expec ted  to  occu r  i n  sma l l  a reas  compared  to  400  m2 ,

we  an t i c i pa te  tha t  t he  ave rage  con tamina t i on  fo r  any  400  m2

w i l l  be  a  sma l l  f r ac t i on  o f  t he  40  pc i / g  l im i t .

Su r face  exp lo ra t i on  w i l I  be  made  in  suspec ted  con tamina ted

a reas  by  t rench ing  o r  o the r  me thods .  Cons ide r ing  the  pas t  uses

o f  t he  s i t e ,  exp lo r i ng  t o  a  dep th  o f  abou t  3 'w i l l  be  adequa te

un less  i nd i ca t i ons  o f  bu r i a l  o f  r ad ioac t i ve  ma te r i a l  a re  f ound '

and  then  i t  w i l l  be  necessa ry  to  90  deeper .  Ca re  w i l l  be  taken

to  exp lo re  enough  o f  t he  subsu r face  i n  a reas  o f  suspec ted  con tam-

i i r a t i on  such  tha t  a  h igh  deg ree  o f  assu rance  i s  p rov ided  tha t

s i gn i f i can t  quan t i t i e s  o f  con tam ina ted  so i l s  have  been  l oca ted
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and  removed .  (A  " s i gn i f i can t  quan t i t y "  i n  t h i s  con tex t  i s

de f i ned  as  a  quan t i ' - y  o f  ac t i v i t y  capab le  o f  exceed ing  the  so i l

I im i t s  (40  pc i / g l  i , f  b rough t  t o  the  su r face  and  m ixed  w i th  the

top  so i l .  )  Fu r the rmore ,  subsu r face  so i l  be low  20  cm dep th

i den t i f i ed  as  con tam ina ted  above  t he  sens i t i v i t y  o f  t he  f i e l d

ins t rumen ts  (20  pC i /g l  w i I l  be  removed  to  the  ex ten t  i t  i s

p rac t  i ca l  .

U ran ium-238  So i I  L im i t s  and  C leanup  C r i t e r i a *

So i I  L im i t

40  pc i / g

*Average concentrat ion in  the top 20 cm of  so i l  averaged over  a

400  m2  a rea  as  spec i f i ed  i n  t he  imp lemen ta t i on  sec t i on .  The

I im i t  o f  AO pc i /g  has  been  inc reased  f rom 18  p ] i / g  because  o f

s i t e  spec i f  i c  c rons ide ra t i ons  ( see  t ex t ) .

Implemen. !at  ion

1.  A gamma-ray survey or  combinat ion of  gamma-ray and a lpha

su rvey  w i l t  be  made  to  l oca te  con tamina ted  a reas  exceed ing  20

p1 i /g  u ran ium-238  to  a  dep th  o f  20  cm.  A I I  con tamina ted  so i l

w i th in  th i s  dep th  found  to  exceed  20  pc i / g  w i l l  be  removed

f rom these  a reas .

2 .  I n  a reas  where  subsu r face  depos i t s  a re  suspec ted ,  a  p lan  fo r

subsu r face  samp l ing  sha l l  be  fo l l owed  wh ich  w i l l  i den t i f y  and

remove  quan t i t i es  o f  con tamina t i on  capab le  o f  exceed ing  the

so i l  l im i t  ( 40  pc i / g )  f o r  t he  Ke l l ex  s i t e ,  i f  unde r  any

poss ib le  fu tu re  l and  use ,  t h i s  con tamina ted  so i l  we re  to  be

b rough t  t o  the  su r face .

3 .  A f t e r  decon tam ina t i on  o f  t he  s i t e ,  t he  excava ted  a reas  w i l l

be  back f i t l ed  w i t h  c l ean  so i l  o r  l eve led .
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4 .  A  f i na l  su rvey  w i l l  be  pe r fo rmed  to  desc r ibe  the  cond i t i on  o f

the  s i t e  a f te r  c leanup .  The  fo l l ow ing  p rocedure  w i I I  be

fo l l owed  un less  an  a l t e rna t i ve  p rocedure  i s  ag reed  to  by  the

DOE and  the  S ta te  o f  New 'Je rsey .  A I l  decon tamina ted  a reas

w i I I  be  d i v ided  i n to  g r i d  sys tems  desc r ibed  by  pe rpend icu la r

I i nes  4  m  apa r t ,  t hus  f o rm ing  i nd i v i dua l  g r i d  b l ocks  o f  16

m2 each .  Decon tamina ted  a reas  l a rge r  t han  400  m2

wi l l  be  subd iv ided  i n to  2  o r  more  app rox ima te l y  equa l

subareas  o f  l ess  than  o r  egua l  t o  400  m2  each .  So i t

samp les  f rom each  16  m2  a rea  w i l t  be  taken  to  a  dep th  o f

20  cm.  A  compos i te  samp le  w i I I  be  made  f rom samp le  a l i quo ts

f rom each  16  p2  g r i d  b lock  and  ana lyzed '  rep resen t i ng  the

ave rage  concen t ra t i on  o f  t he  400  m2 ,  o r  l ess '  a rea '  I f

t he  ave rage  concen t ra t i on  exceeds  20  p ] i / g  u ran ium-238 ,  t he

ana lyses  o f  t he  so i l  samp les  f rom the  16  m2  a rea  w i l l  be

used  to  gu ide  fu r the r  remed ia l  ac t i on .

Ce r t i f i ca t i on

Dur ing  c leanup  ope ra t i ons ,  t he  remed ia l  ac t i on  rad io log i ca l

suppor t  con t rac to r  w i I l  co l l ec t  and  documenL  rad io log i ca l  da ta

f rom ana lyses  o f  so i l  samp les  and  po r tab le  rad ia t i on  de tec t i on

ins t rumen ts  to  de te rm ine  the  adequacy  o f  decon tamina t i on .  Con-

cu r ren t l y  and  i ndependen t l y ,  t he  DOE Of f i ce  o f  Env i ronmen t ' s

su rvey  con t rac to r  w i l l  co l l ec t  and  ana lyze  spo t  so i l  samp les  and

make  i n  s i t u  r ad io l og i ca l  measu remen ts .

A f te r  comp le t i on  o f  t he  remed ia l  ac t i ons ,  t he  O f f i ce  o f  t he

Env i ronmen t  I  s  su rvey  con t rac to r  w i l l  conduc t  an  ons i te  su rvey  to

es tab l i sh  t he  f i na l  r ad io l og i ca l  cond i t i on .  Us ing  t he  da ta

documen ted  by  the  remed ia l  ac t i on  con t rac to r  and  the  i ndependen t -

I y  co l l ec ted  rad io l og i ca l  da ta ,  t he  O f f i ce  o f  Env i r onmen t  w i l l

de te rm ine  t he  s ta tus  o f  ce r t i f i ca t i on .
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APPENDIX  B

DERIVATION OF THE SAII ' IPLING PLAN

Bas i ca l I y  t he  c r i t e r i a  documen t  spec i f i ed  t ha t  r emed ia l

ac t i on  wou td  be  necessa ry  i f  a t  l eas t  one  o f  two  cond i t i ons

ex i s ted .  Remed ia l  ac t i on  wou ld  be  necessa ry  i f  t he  top  20  cm o f

so i l  ove r  a  400  m2  a rea  con ta ined  an  ave rage  concen t ra t i on  o f

2389  40  p ] i / g  o r  more .  Second ,  i f  a  l aye r  o f  subsu r face  con -

tam ina t i on  ex i s ted  wh ich  when  b rough t  t o  the  su r face  wou ld  cause

c r i t e r i a  t o  be  me t  o r  exceeded ,  remed ia l  ac t i on  wou ld  be  neces -

sa ry .  S ince  th i s  su rvey  wou ld  on l y  be  a  cha rac te r i za t i on  o f  t he

rad io log i ca l  na tu re  o f  t he  Ke I Iex  s i t e  and  no  remed ia l  ac t i on

invo l ved ,  t h i s  c r i t e r i a  se rved  as  ou r  gu ide l i ne .  The re fo re ,  t he

sarnpl ing p lan developed would need to prov ide a h igh degree of

con f i dence  t ha t  s i gn i f i can t  quan t i t i e s  o f  con tam ina ted  so i l  have

been  loca ted .  To  make  the  mos t  e f fec t i ve  use  o f  ava i l ab le

resou rces  the  subsu r face  so i l  o f  con tamina ted  a reas  d i scove red  by

ea r l i e r  su rveys  wou ld  be  exp lo red  ca re fu l l y .  I n  con junc t i on  w i th

th i s  and  the  i n fo rma t ion  ga ined  f rom the  su r face  su rvey  fo r  t h i s

p ro jec t  t he  i n i t i a l  spac ing  fo r  t he  subsu r face  p lan  was  de te r -

m ined .  Spac ing  wou ld  be  reduced  i f  ev idence  o f  con tamina t i on  was

found  in  unsuspec ted  a reas  to  be t te r  de l i nea te  con tamina ted

reg ions  and  p rov ide  samp l i ng  f l ex i b i l i t y .

To  es t ima te  the  p robab i l i t y  o f  de tec t i ng  a  zone  o f  con tamin -

a t i on  i t  i s  necessa ry  t o  mode l  i t s  cha rac te r i s t i c s .  Based  on

wha t  was  found  du r ing  the  remed ia l  ac t i on  by  Env i roshpere  i t  i s

assumed  tha t  subsu r face  zones  o f  con tamina t i on  a re  c i r cu la r

d i sks .  The  h i ghes t  concen t ra t i on  o f  238U  found  du r i ng  t h i s

remed ia l  ac t i on  was  2000  pCL /e .  I f  a  d i sk  20  cm i n  t h i ckness  and

3 .2  m in  d iamete r  w i th  an  ave rage  concen t ra t i on  o f  2000  pc i /g  o f

238g  y3s  sp read  ove r  a  400  m2  a rea ,  t he  resu l t i ng  concen t ra t i on

wou ld  exceed  ou r  gu ide l i ne .  Assuming  the  max imum concen t ra t i on  o f

23BU found  a t  Ke I I ex  was  2000  pc i / g r  dhy  d i sk  w i t h  concen t ra t i on  o f
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23BU less  than  th i s  wou ld  have  to  be  l a rge r  t hus  hav ing  a

g rea te r  p robab i l i t y  o f  be ing  l oca ted .  Us ing  t h i s  assump t i on  t he

p robab i l i t y  o f  de tec t i ng  ou r  m in imum d iame te r  d i sk  ( 3 .2  m)  i s  a

Iower  bound  to  the  p robab i l i t y  o f  de tec t i ng  a  zone  o f  con tamina -

t i on  exceed ing  ou r  gu ide l i ne .

I t  i s  poss ib l e  t o  f i nd  a  3 .2  m  d iame te r  d i sk  ( o r  any  s i ze

d i sk )  w i t h  p robab i l i t y  one .  To  accomp l i sh  t h i s ,  one  cou ld  d r i l l

ho les  a  d i s tance  apa r t  equa l  t o  t he  l eng th  o f  a  s ide  o f  t he

la rges t  i nsc r i bab le  equa la te ra l  t r i ang le  i n  a  3 .2  m  d iame te r

d i sk .  However ,  t he  number  o f  ho les  to  be  su rveyed  i s  i nve rse l y

p ropo r t i ona l  t o  t he  d i ame te r  o f  t he  d i sk ,  i . e . ,  t he  sma l l e r  t he

d isk  the  g rea te r  number  o f  ho les .  Fo r  t he  Ke I Iex  s i t e  more  than

221000  ho les  wou ld  be  needed !

W i th  t he  ava i l ab i l i t y  o f  p r i o r  i n f o rma t i on  o f  whe re  poss ib l e

reg ions  o f  con tam ina t i on  ex i s t ed  and  w i t h  t he  des i r ab i t i t y  o f

us ing  a  t rench ing  me thodo logy  a  more  feas ib le  samp l ing  p lan  was

poss ib l e .  I f  pa ra l l e l  t r enches  we re  dug  3 .8  me te rs  apa r t  w i t h  a

60  cm w ide  bucke t  ( o r  w ide r )  t he  p robab i l i t y  o f  l oca t i ng  a  3 .2  m

d iame te r  d i sk  i s  egua l  t o  un i t y .  S ince  d i gg ing  t r enches  c l ose r

t han  5  m  apa r t  ( pa ra l l e l  t r ench ing )  was  no t  f eas ib l e  f o r  sa fe t y

ccns ide ra t i ons ,  t he  p robab i l i t y  i s  . 76  t ha t  such  a  d i sk  wou ld  be

f cund  us ing  a  60  cm bucke t .  Du r i ng  t he  p ro j ec t  a  bucke t  o f  106

cn r  w id th  was  used  g i v i ng  a  p robab i l i t y  o f  . 85  f o r  l oca t i ng  a  3 .2

m . i i ame te r  d i sk  when  t r ench ing  on  5  m  cen te r s .
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APPH{DIX C

Table I. Locatiors qr the 20 m grid where radionuclide concentrations

differed sigrnif icantly ftom the New'Jersey nean level as

measured by the in situ system.

Radionuclide

GP location

x (m)  y (m)

Concentration (pcilg )

Standard
23416

(prcIed )

226p6

214p6

(pooled)

212p5 46
20811

(poold )

40

60

60

80

100

120

120

(none)

(none)

80

80

180

40

320

100

320

8 .8

8 .2

8 .5

6 .5

5 .7

6 .6

8 .3

1.9

2 .0

1 .7

2 .1

2 .2

2 .1

2 .3

(none)
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TABLE II. tocaLions cn ttre 5 m grids vtrere in situ reasurerents

irdicated ccncentrations differirg significantly fron

the New'JerseY rean level.

GP location Concentration (PCi,/9 )

StandardRadionuclide

234.95

x (m)  y (m Deviation

35

40

40

45

45

45

50

50

50

50

50

55

55

60

60

60

65

65

65

65

70

90

85

90

60

85

90

55

85

90

95

100

110

115

85

115

125

165

170

185

175

170

17 .8

17 .4

10 .8

11 .2

12.0

11  . 3

16.4

13.2

19 .2

11  . 0

11 .6

15.2

11 .8

9 .2

12.9

13.2

9 .6

27 .5

9 .4

26.2

8 .2

2 .0

1 .9

1 .8

1 .8

1 .7

1 .8

1 .9

1 .8

2 .0
' t . 8

1 .9

1 .9

1 .9

1 .8

1 .8

1 .9

1 .4

1 .8

1 .4

1 .7

1 .3
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BBLE II (Continued)

Radionuclide

GF location

x (m)  y (m)

Concrentration (pcilg )
Standard Deviation

t?

226p6* 35

40

45

45

50

50

55

55

55

57.5

60

50

65

65

90

85

60

90

55

90

80

110

115

177 .5

11s

125

170

175

4 .8

5 .4

5 .4

4 .7

8 .5

6 .4

4 .1

5 .2

4 .4

4 .0

5 .7

5 .0

6 .1

6 .0

.9

.9

.9

.9

1 .0

.9

.9

.9

1 .0

.9

.9

.9

.7

.7

214p6

(pooled)

(none)

212p6 g

20811

(poofed )

(none)

*226p2 oncentration determined from the 186 keV photopeak.
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u\BLE III: tocations frcnr ttre subsurface suwey vhere radionuclide oncentrations

differed signi-ficantly frcm the l{,ew'Jersey mean level as measured by

thre in situ qgstem.

GP location Concentration (PCirzg )

Radiorruclide Standard Deviation

234,16

(pooled)

35

40

45

45

45

45

50

50

50

55

55

60

BO

80

90

90

135

145

160

160

164

90

90

55

85

90

100

85

90

95

30

110

85

195

205

162.5

167 .5

105

110

165

315

115

21.8

7 .5

8 .2

5 .8

6 .8

7 .4

7 .2

7 .4

6 .5

5 .2

6 .4

5 .4

7 .9

9 .2

5 .7

6 .1

5 .4

5 .7

5 .6

5 .2

5 .1

2 .1

1 .8

1 .7

1 .5

1 .5

1 .5

1 .6

1 .6

1 .5

1 .9

1 .6

1 .6

1 .9

1 .9

1 .5

1 .6

1 .6

1 .8

2 .0

1 .9

1 .5
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TABLE III (Continued)

Gtr Iocation

Radionuclide x(m) y(m)

Concentration (Pcilg)

trlean Standard Deviation

226p2* 35 90

40 90

45 55

80 20s

5.3

4 .2

5 .4

4 .2

. 9

. 9

.8

.9

t

214p6 (none)

(pooled)

212p6 & (none)
20811

(pooled)

*225pa oncentrations determined from 186 keV photopak.
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TABLE w. 23416 results from soil sanples given wet chemistry anallmis

GP Iocation 234y6

I

35

35

35

35

35

40

45

45

45

50

55

55

60

65

65

65

65

65

65

65

65

65

80

80

80

80

80

85

B5

85

85

90

90

30

95

105

100

90

105
't20

95

95

95

95

95

110

175

175

301 .5

45

45

45

45

45

5

15

25

75

surface

15

25

25

45

45

15

5

25

5

15

25

45

75

5

surface

15

45

5

15

25

45

75

<3.7

<2 .8

<3 .0

<2 .6

310  +  10 .0

<  10 .0
<5 .6

<  10 .0

<10 .0

<5 .9

<  10 .0

<  10 .0

<  10 .0

<  10 .0

<8 .7

<6 .1
<5 .6

<7 .8

<12.0

150 +  20 .0

7 .3  +  2 .5

<  15 .0

<8 .6

<9 .1
<7 .8

<9 .1

<11 .0

adjacent to l€t sPot GP (35,90)

| | l l l l l l l l t l

| | l l l l l l l l l l

| | l l l l l l l l t l

Hct strnt

adjacent to ho't sPot GP (35'90)
n l l l l l l l l l l

| | l l l l l l l l l l

near fnt spot
r | | l l

| | l | l l

| l n l l

| | ' | l l

a t  GP (35 '90 )
r l l l l

| | l l l l

| | n l l

| | r l l

NJ sarple area*
| l l l l l

' l l | l l

l l  l r  l l

| | | | l l

near lpt slnt at G (35'90)

surface of crcncrete pad

under oncrete trnd

high C€(Li) scan

NI sample area*
| | ! r l l

l l i l l l

t l

t l

i l t l

i l l l

*Samples taken at these locatiors were

Bureau of Radiation Protection.

in additionr to sarples
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BBLE rV (continued)

234y6GP location

I

a

80

80

100

120

120

135

135

135

135

135

135

135

140

140

140

140

140

140

14C

140

145

150

150

150

150

150

160

160

160

160

150

94

235

255

95

105

10s
105
110

110

110

110

110

15

108

108

185

18s
185

185

185

100

109

109

109

109

109

159

159

159

159

159

75

5

45

75

75

45

75

5

15

25

45

75

25

45

75

5

15

25

45

75

75

5

15

25

45

75

5

15

25

45

75

<7.0

<3 .7

<4 .1

<  10 .0

<7 .2

<10 .0

<10 .0

6 .5  +  3 .6

<3 .7

<5 .7

<5 .0

5 .8  +  3 .9

<9 .7

<  10 .0

<1  0 .0

<  10 .0

<  10 .0

<  10 .0

<10 .0

<10 .0

<10 .0

<4 .6

<4 .1

<5 .2

<4 .8

<5 .5

<5 .1

<4 .6

<4 .4

<5 .0

<5 .9

c-7

tIJ sanple area

High e€(Li) scan

Bias location

NJ sample at GP (120'99.5)

l l  l l  l l  l l  l l

Adj. higher readirg location
| | r l l l l !

Bias location
n l l

| | l l

| | l l

t l

Higher
tl

l l

l l

t l

t l

! l

t l

| l

instrunent reading
| | l l

l l  l l

I l l

| | l l

i l l t

| | l l

| | l l

l l  l l  l l

Bias location
l | l l

I

t l

t l

t l

t l

t l

t l

t l

t l

t l

t l

! l

t l

t l

t l

l l

if



GP Iocation

x (m)  y (m)

TABLE rV (ontinued)

234y6

*i/sDepth (m)

160

150
' l '12.5

185

220

300

300

300

305

327

112.5

84

45

25

25

25

7r:
45

75

45

75

5

25

75

<10.0

<4 .5

<10 .0

<9 .4

<5 .2

<10 .0

<10 .0

<10 .0

Bia.s Iocation
tf ll
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